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Art. L—The Coast Survey of the United States. 


Tue interest which the readers of this Journal must have 
always felt in the condition and progress of the United States 
coast survey, has been very much (and naturally so) increased 
by the appointment of Dr. Bache to the office of superintendent. 
The work is now exclusively under American control, and 
though science, ‘as broad and general as the casing air,’ recog- 
nizes no invidious distinction of age or climate, yet reproaches 
which it is not worth while to remember, still less to repeat, have 
forced this consideration upon the notice of all those who feel a 
just pride in the scientific reputation of the country. 

Among the readers of this Journal the present superintendent 
numbers many personal friends, and many others, who, governed 
by his reputation, gave the influence of their names to secure his 
nomination for his present responsible office, after Mr. Hassler’s 
death. ‘To these gentlemen, the successful prosecution of the 
coast survey has become a matter of more than ordinary in- 
terest. They may be said to have assumed a responsibility with 
regard to it. They will be glad then to learn something of its 
scientific details. 

The fundamental principles of a geodetic survey, are of too 
elementary a character to be treated in this place. Neither will 
the reader look here for an abstract of the last report, showing 
the space occupied, and the amount of labor performed. Both 
of these topics have been recently handled with great clearness 
and elegance, ina popular form, by a writer in the “ Biblical 
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Repertory and Princeton Review.” The object of the present 
article is to make known some of the new methods of observa- 
tion and reduction which Dr. Bache has himself introduced into 
the survey, and certainly it cannot but be regarded as a favorable 
sign of the times, that the means are supplied for writing such a 
paper ; that openness and freedom of communication are substitu- 
ted for secrecy, and the habitual mistrust, to say nothing worse, 
which mystery always implies. 

It is only necessary to remark before entering at once upon the 
subject, that a slight divisional arrangement has been adopted for 
convenience, and that having to speak of such changes only as 
are due io Dr. Bache, a frequent reference to his name is un- 
avoidable. 

In the determination of Jatitudes the superintendent has 
adopted a method in accordance with the established facts of 
observation, and with the extent of his means and authority. 
It is undoubtedly most desirable that the work should finally 
rest for authority in its astronomical determinations upon two 
permanent and well endowed observatories in distant parts of the 
country. Such was the project of Mr. Hassler, and it was owing 
perhaps to the hope that it might be realized, that up to the time 
of his death, no regular astronomical observations had been made 
at any of the stations of the primary triangulation, since leaving 
Weasel. During this interval, however, (it would be unjust to 
omit the mention of it,) some voluntary observations have been 
contributed by Mr. Edmund Blunt, one of the two principal 
assistants. 

But the prospect of obtaining the efficient support of a well 
conducted observatory in the southern section of the Union 
is distant, notwithstanding the noble efforts directed to that ob- 
ject in Alabama. In the mean time it must be considered the 
part of prudence, as well as fidelity, to accomplish all that is 
possible, and the superintendent has undertaken this in such a 
manner that the results will form an interesting contribution to 
physical science, independently of their value in settling individ- 
ual positions. Last summer, observations for the latitude were 
made at six stations of the survey, four at the north and two at 
the south, and this season the same observations will be continu- 
ed, not only at the stations of the new primary triangulation, but 
also to supply the deficiencies of the old work. ‘The principle 
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which demands these frequent determinations, is the necessity 
for reduction to a central point, arising from the irregularities of 
gravitation, occasioned by the variations in form and density of 
the materials composing the earth’s crust. The theory, though 
familiar to the student of physics, requires to be stated in this 
connection. If in cousequence of the proximity of a mountain 
the plumb line be drawn from the position it would otherwise 
maintain, it is evident that the point of the heavens which cor- 
responds to the zenith of a station, as determined by astronomical 
observations, would not be the same as if the mountain did not 
exist. ‘he apparent direction of gravity being different, the 
apparent horizontal line is also changed. The length of the 
radius of curvature of the meridian undergoes a corresponding 
alteration, and the angle which measures the elevation of the 
pole, has its vertex, not at the centre of the earth, but at a point 
at a distance from the centre, depending upon the apparent line of 
direction of gravity. 

The existence of such an attraction is a valuable part of 
knowledge, proved by accurate practical investigation. Obser- 
vations were made in the year 1774, by Dr. Maskelyne, for as- 
certaining the attraction of the mountain Schehallien. The 
points to be compared were connected by measurement, and de- 
termined astronomically. ‘T'wo results ditfered 11’°7! from each 
other, which great discrepancy is to be attributed to the sum of 
the deflections of the plumb line on the opposite sides of the 
mountain. 

Baron de Zach, also, in 1810 showed that the attraction of 
the Mimet mountains, near Marseilles, was appreciable. It ap- 
pears to have produced an error of 17.98 in the latitude. M. Arago 
condemns the repeating circle used by Zach, and Mr. Airy ob- 
serves that the stars were all on the same side of the zenith, a 
change therefore in the constant error of the instrument would 
produce an error in the result. Without attaching any impor- 
tance to the minute accuracy of the determination, however, it 
sufficiently illustrates the principle treated. ‘The same facts are 
attested by the observations of Boscowich and Becearia in Italy. 

It might be expected that the pendulum, a more delicate means 
of experimeut, would also indicate by its vibrations the existence 
of these irregularities. Such is indeed the case. It is now well 
known that the attraction peculiar to the locality, does in frequent 
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instances affect the mean force of gravity ; and it is owing to the 
gravitating force, not only of the base on which the pendulum 
stands, but also of the adjacent materials, that it is necessary to 
modify the rule, which would obtain, were the earth of an uni- 
form density, viz. that the reductions from one level to another 
are strictly proportioned to the squares of their respective distances 
from the earth’s centre. 

Instances appear of defect and excess in the vibrations of the 
pendulum, of the former at Maranham and Trinidad, and of the 
latter at Spitzbergen and Ascension, where the experiments were 
conducted with such extreme precision as to prove conclusively 
that the irregularities are not to be charged to the experiments 
themselves, but to the natural phenomena which it is their pur- 
pose to investigate. 

But to return to astronomical indications. Observations show 
that the attraction of masses comparatively small, is sensible. 
‘The discrepancies noted in comparing different parts of the same 
are may be cited. At Arbury Hill there was found a difference 
of 5”, not to be accounted for upon any supposition of the earth’s 
figure. ‘There is also an unexplained disturbance at Dodagoontah, 
on the great Indian arc, to nearly the same amount. In inferring 
the latitude of one place from the observed latitude of another 
not on the same meridian, through the medium of a geodetic 
measure, results are obtained differing from observation more 
than could happen in the use of the astronornical instruments, 
or of the geodetic measurements, without the most unreasonable 
neglect. ‘Thus the latitude of Turin deduced from that of Milan 
differs from the observed latitude by 8”-9, that of Venice from 
the same origin 9’’-5, and that of Rimini 27-4. The same re- 
sults appear upon the journals of the coast survey. The latitudes 
of New York and Boston do not agree together. Boston, Cape 
Henlopen, and New York differ from Philadelphia, and the va- 
rious stations about the city of New York, when transferred to a 
central point, are all at variance with observation. 

Finally, the great disagreement, it may be observed, between 
various geometers as to the ratio of eccentricity, is attributed by 
some writers, in a measure to erroneous latitudes, occasioned by 
deviations of the level. 

These facts, and the theory which flows from them, prove the 
importance of the rule of observation adopted by the superin- 
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tendent. He not only arrives at the most correct determination 
of latitude compatible with the means allowed him, but is ren- 
dering valuable aid towards the thorough investigation of a very 
interesting question, a question intimately connected with his 
future discussions of the figure of the earth. 

In connection with this subject, it may be mentioned that it is 
the design of Dr. Bache to employ observations of transits over 
the prime vertical for the determination of latitudes, as soon as 
the requisite instruments can be supplied. During the preceding 
winter the latitude of Cambridge observatory was determined in 
this manner, with such admirable coincidence in the results as to 
leave nothing to be desired. The observers were, Major Graham 
of the Topographical Engineers, Mr. Wm. C. Bond, the director 
of the observatory, and Mr. G. P. Bond, his son. ‘The observa- 
tions were reduced by Prof. Peirce, and will appear in the Trans- 
actions of the American Academy. ‘They -have also been com- 
municated by Prof. Peirce to the office of the coast survey. 

Astronomical azimuths require also frequent determinations in 
order to ensure accuracy, and to save the ungrateful labor of re- 
trospective calculation. With regard to this important element 
in geodesy it is theoretically true, that when one azimuth has 
been defined, others can be deduced from it by simple calculation 
in the progress from station to station. But repeated measures 
for verification are indispensable to avoid error, and to escape the 
trouble of reoccupying old stations. During the preceding season 
the azimuthal bearing was ascertained, independently, for six of 
the primary stations, four at the north and two at the south. 

Of the two heavenly bodies most commonly used in this ope- 
ration, Mr. Hassler preferred the sun, but Dr. Bache has employ- 
ed for the first time on the work, the elongations of Polaris, in 
both its eastern and western digressions. His objection to the 
stn is the exposure of the instrument, which cannot fail to be 
affected by the heat of this luminary. 

A distinguished astronomer, it may be remarked, directed the 
English surveyors never to use the sun for any geodetic deter- 
mination. ‘The prominent advantage in using Polaris, is the op- 
portunity it affords for a very careful and deliberate observation. 
At the time of elongation, when the change of altitude is most 
rapid, the movement in azimuth is nothing; there is ample time 
therefore to repeat the measurement until satisfied with its ex- 
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actness. ‘The observations are continued for several successive 
days. ‘The necessity, as it is generally considered, of using dis- 
tant night signals for this mode of determining azimuths, is 
avoided. ‘The superintendent has adopted the suggestion of the 
Astronomer Royal at Greenwich, who proposed referring the 
points of greatest elongation of circumpolar stars, to marks in 
the horizon, by perpendicular lines demitted by means of an alti- 
tude and azimuth circle. Elongation signals are established about 
two miles distant, consisting of a delicate wand by day, and a 
lamp by night, the latter of which is seen through a small hole 
perforated in a board set up for the purpose. 

This method is peculiarly applicable to a large theodolite with 
a micrometer eye-piece,—first the position of the star is observed 
and then the signal with the micrometer, and so on alternately 
for ten minutes before, and ten after elongation. Many observa- 
tions are accumulated in one day, care being taken to ensure the 
steadiness of the instrument and the correct leveling of the axis. 
Measures were made by the reflected, as well as the direct image 
of the star, but this precaution was found to be superfluous. 
The elongation signals are observed in turn with all the other 


signals, and the probable error of the results is found to be less 
than the best on record in the I’rench survey when the repeating 
circle was employed. ‘lhe French used Polaris near elongation, 
but not both elongations. Distant night signals have been at- 
tempted with general success, and for this purpose a lens was 
borrowed from Mr. Lewis. Where these were set up, the are of 
distance from Polaris to the signal, which is the measure of the 


diedral angle formed by the two vertical planes of the signal and 
star, could be taken directly, and this, it is believed, was the 
method most in favor in the recent French triangulation. 
Concerning the observation of terrestrial angeles and the use of 
the large theodolite, Mr. Hassler has very justly said, that, “ Ab- 
solute mathematical accuracy exists ouly in the mind of man. 
All practical applications are mere approximations, more or less 
successful. And when all has been done that science and art 
can unite in practice, the supposition of defects in the instrument 
will always be prudent. It becomes, therefore, the duty of au 
observer to combine and invent, upon theoretical principles, 
methods of systematic observations, by which the influence of 
any error of his instruments may be neutralized, either by direct 
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means, or more generally, and much more easily, by compensa- 
tion. The methods thus decided upon will determine the num- 
ber, as well as the form and combination, of the observations 
which are required to give the greatest probability in the re- 
sults ; and these methods must be the constant rule for all ob- 
servations.” 

That portion of geomorphy which comprises the measure- 
ment of terrestrial angles of the first order, demands the nicest 
exactitude, because it embraces the consideration of the earth’s 
figure, and because the celestial observations of a geodetic survey 
are directly connected with it. ‘That observations should be nu- 
merous, as one mode of compensation, is evident. 

Another question arises as to the best circumstances in observ- 
ing, and the number necessary to secure a very small probable 
error. ‘This question the superintendent has now resolved, by 
an application of the method of least squares for the first time on 
the survey. Its general and successful use by Prof. Lloyd, in 
the magnetic survey of Great Britain, may be seen in the eighth 
Report of the British Association. ‘There is reason to think that 
the method adopted by some engineers of selecting for observa- 
tion those times only which appear the most favorable in all their 
minutest circumstances, does not lead to the best results. Swan- 
derg in Lapland may be here particularly referred to, whose ob- 
servations, very few in proportion to the time occupied, do not 
appear to have commanded the highest confidence. Now the 
mode introduced by Dr. Bache has been to determine, by repeat- 
ed trials, and by a rigid application of the method of least squares, 
what is the number of observations which, taken under circum- 
stances such as are ordinarily favorable, will reduce the probable 
error within the limits of deviation of the instrument, and of the 
observer. ‘That number, thus established, becomes the rule of 
conduct. ‘The application of this method has increased not only 
the economy, (a very important consideration, for economy is 
progress,) but the rapidity of the work in a striking manner, as 
may be seen from a comparison of the field work of last year 
with that of any previous year ; and, what is most to be regarded, 
it secures a greater accuracy in the compensation of errors. Of 
six triangles the greatest difference from 180°, after allowing for 
the spherical excess, was 0’°6 of a second of space, that is 0-2 
to an angle, and from this the difference descended to nothing. 
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The nicety of this result rivals both the English and French 
surveys. It is not necessary to carry comparisons (which may 
appear invidious) any farther at present; but they need not be 
shunned, whatever the source or standard by which they are 
challenged. [tis only necessary to add that the calculations were 
not made by Dr. Bache himself. 

This subject leads to the mention of the formul# used upon 
the survey for the calculation of L. M. Z. which depend upon 
the figure of the earth. The value of e*, the expression by 
which the ellipticity enters into these equations, has been variously 
decided by the most distinguished geometers, and has resulted 
differently from the comparison of different meridional measure- 
ments; from experiments with the pendulum by different ob- 
servers, and from calculations of it from the moon’s motion by 
La Place and Buckhardt. ‘The history of these facts will be fa- 
miliar to the reader. Among the comparatively modern deter- 
minations, the linear measure of Mason and Dixon in 1764 has 
given a result in one extreme, and the magnificent triangulation 
of Méchain et Delambre in the other. This is precisely one of 
those questions in which the purely practical depends upon the 
purely theoretical, and that of the highest order. ‘The direction 
hitherto taken by the main triangulation of the coast survey 
does not enable it to supply the measurement of an are of me- 
ridian, that is, an element for deducing the figure of the earth 
satisfactorily. But it is now approaching this point. "The tr- 
angulation from Nantucket, (which will be one of the points of 
the first order during the present season,) to Portland, will qualify 
the survey to take its place in this respect also amongst the per- 
manent scientific works of the world. 

From the head to the mouth of the Chesapeake will be formed 
another series, favorably situated for this purpose, and here the 
line of Mason and Dixon will be included and its accuracy tested. 
The tables for the reduction of triangles, and for projection, were 
first calculated by Mr. Hassler in 1818, but in 1834 he found it 
necessary to repeat all the calcnlations;—the knowledge of the 


dimensions and figure of the earth having been much improved 
and more strictly defined. Since then, however, has appeared 
the determination of Bessel, founded upon a comparison of all 
the authentic measures, to each of which is assigned its just 
weight as determined by the theory of probabilities, or the method 
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of least squares. This is the result accepted by the scientific 
world, and which it is now imperative to employ. Not only are 
new tables to be calculated for future use, but all the old triangles 
are to be recomputed to the original base. The accumulation of 
small errors renders this course obligatory, and indeed indispen- 
sable. But the values in the new tables will be affected not so 
much by the change of ellipticity, as by a proper return to the 
lezal ratio of the metre to the toise. ‘The toise was the standard 
of linear measure in I*rance, employed in the measurement of 
the French are between Dunkirk and Barcelona, and virtually 
also in its continuation by MM. Biot and Arago, by which the 
parallels of Paris and Formentera were connected. Virtually it 
is said, because the legal ratio of the metre was preserved. ‘The 
definition of the metre as the millionth part of the quadrant of 
the meridian, having been shown by the laborious computations 
of Colonel Puissant to be imaginary, it only remains to adopt and 
preserve the value given it by the law of 1799, and subsequently 
confirmed by the law of 1837. 

It might be argued, if argument were applicable to the case, 
that the attempt to assign to the metre a theoretic value would 
defeat itself—for neither geodesic operations, nor the present 
methods of calculation, could settle its value with such certainty 
but that future geometers might find occasion to modify numbers 
which now appear to be the most established. It may be said, 
further, that when the metre was adopted by the commission con- 
sisting of Borda, Lagrange, La Place, &c., it was done with a 
limitation subsequently confirmed ; and this limitation, being a 
very close approximation to the truth, may be regarded as defini- 
tive. Whatever may be the future progress of science, it can 
never be convenient to alter it; but it is only requisite to havea 
distinct idea of what it represents. Upon this subject Mr. Hassler 
assumed a different, and as it has been pronounced by very high 
authority, a novel idea. When the standard metres were distri- 
buted by the committee of weights and measures, Mr. Tralles, 
the deputy from Switzerland, obtained an extra one, perfectly 
authenticated, which he presented to Mr. Hassler. ‘The latter, 


having in his possession five brass and three iron metres, and 

several standard toises, including those of Canivet and Lenoir, 

instituted a series of comparisons with the comparateur of Trough- 

ton, which can never fail to command the most sincere admira- 
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tion for the philosophic accuracy and elegance of their execution, 
but by means of which he arrived at a ratio independent and ex- 
clusive. His purpose was to establish an authentic standard 
with bars of recognized authority. Had the subject required fur- 
ther research, no one could hesitate to admit his results, as every 
one must admire the zeal, learning, and fidelity he displayed. 
But the legal ratio is in fact the only one admissible. This is an 
evident truth. When the metre ceased to be considered the ten- 
millionth part of the quadrant of the meridian, it became equally 
with the toise a mere iron bar, having no other value than that 
assigned it by law; and that value was a permanent one, which 
no individual experiments could be permitted to change. 

On this point there can be no higher authority than that of 
M. Bessel, which it may be wel! to quote. ‘ Mr. Hassler de- 
duced from several comparisons the value of the metre in parts 
of the toise. But this I consider as not allowable, for the ratio 
between the two is determined by law, by which the metre has 
received its true definition. If certain copies of these metres do 
not agree together, 7 shows that the law is not exactly fulfilled by 
them ; and as it is much more difficult to transfer to another me- 
tallic bar 443-296 lines of the toise than the whole length of the 
toise, the value of the metre is a circuitous and unprofitable way, 
as long as the toise is as easily obtained as it was at the time of 
the construction of the metre.” 

Mr. Hassler’s ratio differed from the legal ratio (443-296) by 
— 0-015 lines of the toise, an amount quite serious when multi- 
plied by frequent repetitions. 

At the primary stations last year Dr. Bache made use for the 
first time of vertical angles for determining diflerences of heights. 
For this the triangulation at the north offers a fine field; but the 
features of the coast at the south will preclude its frequent appli- 
cation there. This method will be continued. The effect of 
refraction near the surface may be investigated by a series of ob- 
servations, and these angles can be measured at a time of day 
when it would be impracticable to observe the horizontal angles. 

A new system of magnetic observations has been introduced 
into the coast survey. The declination of the magnetic needle, 
which is of indispensable practical utility, is to be carefully as- 
certained at every important station of the work. It is needless 
to say, however much the subject may have been neglected hith- 
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erto, that without it any map or chart would disgrace the office 
from which it issued. To this the superintendent has added 
other results without increase of expense. ‘There is no branch 
of physical science which, at present, engages more active atten- 
tion than magnetism. The magnetic surveys conducted and 
observations established by the government of Great Britain at 
home, and all over the world, are worthy of the munificent sup- 
port that nation has always given to science, and the diffusion of 
sound knowledge. It is a matter of humble pride that something 
has been done also in this country, at the magnetic observatory 
of Cambridge under the direction of Professor Lovering and Mr. 
Bond, and still more at the observatory of Girard College under 
the direction of Dr. Bache. ‘The publication of the latter obser- 
vations, with the curves of diurnal and monthly variation, by the 
government of the United States, enables this country to add a 
respectable mite to the general contribution. The new instru- 
ments invented by Dr. Lloyd and M. Weber, are now used upon 
the survey. 

The portable declinometer of M. Weber, (perfected by Lieut. 
Riddell, and manipulated according to his instructions, ) measures 
inclination, and also, by a subsidiary apparatus, the horizontal 
force, according to the method of Gauss. The bar being vibra- 
ted gives magnetic moment. of bar x hor. mag. intensity. And 
the same bar used to deflect another suspended at different dis- 
tances, gives a series representing mag. mom. of deflecting 
bar—hor. mag. intensity, and hence the true horizontal force is 
derived. Excellent results have been obtained by Fox’s dip 
circle, with the use of the deflecting magnet. ‘The axis in jew- 
eled holes has a projecting stem, which is rubbed with an ivory 
disk to ensure perfect freedom of suspension. ‘To this happy plan 
of creating aslight motion of the axis, a Frenchman has applied 
the significant term of shuddering. By means of these instru- 
ments the declination, inclination, and intensity, (both horizon- 
tal and vertical,) are determined, and thus whilst the useful and 
necessary are sought, valuable additious are made to the general 
magnetic researches. 

Local attraction, and the consequent imperfection of courses 
on board of a vessel, will receive the attention their importance 
demands. Experiments made last summer on board of the brig 
Washington, belonging to the coast survey, showed a considera- 
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ble local variation, and also suggested the means of its correction. 
This was the first occasion on which this subject had been in- 
vestigated on the work. It is the design of the superintendent 
to apply the beautiful and simple mode of correction proposed by 
Mr. Airy. It is impossible to allude to his experiments on board 
the iron steamer Rainbow, in the basin of the Deptford dock-yard, 
and the calculations based upon them, without noticing this as a 
remarkable case where a theory purely scientific leads to the most 
useful practical results. Mr. Airy’s combination of the theory of 
M. Poisson with regard to the equal attraction of solids and hol- 
low spheres with his own hypothesis of the magnetic direction 
and intensity of the particles composing an iron steam-vessel, es- 
tablished the safe use of compasses where it was before supposed 


to be very insecure if not impracticable. 

The subject of tides is now treated in a manner altogether 
new upon the survey. It seems to have been imagined, that the 
only purpose of tidal observations was to correct local soundings, 


and to ascertain the time of high water on the very days of full 
and change, or the vulgar establishment, and for this the solar 
interval alone was sought. 

Even in this humble attempt, time appears to have been kept 
very loosely. Observers have been sometimes employed who 
had little idea of the importance of their office The reforma- 
tion introduced is thorough. 'The times of high and low water, 
and the period of slack water, are found by watching the register 
unceasingly from half an hour before to half an hour after the 
change, and noting the time and height at very short intervals. 
It was first proposed to lay down these times and variations in 
height upon a large scale, and drawing, at the extremity of the 
curve traced through them with a free hand, a tangent parailel 
to the line of abscissas, to take the ordinate perpendicular to this 
tangent as the nearest approximation to the time of high water. 
But upon trial, this was not found to differ perceptibly from the 
numerical means of the times. he latter is therefore used as 
by far the most convenient. In the reductions, Dr. Bache has 
adopted the methods rendered familiar by the papers of Prof. 
Whewell and Mr. Lubbock. Corrected establishments are de- 
rived from the mean of the lunitidal intervals. As soon as ob- 
servations accumulate sufficiently, at any prominent point, the 
curves of semimenstrual and diurnal inequality will be projected, 
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the observations will be calculated for the effect of winds, and 
barometric pressure, and the variations in the times and heights of 
high water due to changes in the moon’s parallax, declination, and 
motion in right ascension, will be investigated by a comparison 
between computation and observation. 

The practical benefits of this system in determining the tide- 
factors, and in tracing the times, courses, and conflicts of the tides 
in the harbors and inland seas of the United States, cannot be 
too strongly enforced. And perhaps even the further suggestion 
may be humbly ventured, notwithstanding the unpromising re- 
sults of Prof. Whewell’s endeavors, that predictions to be relied 
on, which would be infinitely serviceable in the preservation 
of life and property in some of our bays and rivers, can be based 
upon future accumulated observations. If this hope should ul- 
timately prove fruitless, no one will deny that so noble an object 
is worthy an effort. 

Dr. Bache has also begun to set up self-registering tide- 
gauges—one has been in operation during the last six months, at 
Governor’s Island, another is now in process of construction at 
the office in Washington. The former of these was invented, 
in its details, by Mr. Wightman, philosophical instrument-maker 
in Boston. ‘The axis of a hollow copper cylinder, upon which 
the paper is secured, is connected with the pinion of a clock, 
and revolves correspondingly to the hands. ‘The rim of a cyl- 
inder is divided in parts of an hour, and these divisions are trans- 
ferred to the paper by a rule ingeniously contrived. A brass 
chain, (guided by the requisite pullies,) with the float in a well 
at one end, and a weight at the other, passes round a wheel in 
the prolonged axis of which, directly over the cylinder, is fixed 
the pencil. ‘The well is guarded from the external motion of 
the water, and the motion of the float is communicated to the 
pencil by means of a screw. 

The second tide-gauge is the invention of Mr. Saxton, late the 
balance maker of the U.S. Mint, and there particularly distinguish- 
ed for his improvement of the parallel ruling-machine, by which it 
was made perfectly useful, after being thrown aside in despair by 
the original inventor. Mr. Saxton is now the constructor at the 


office of weights and measures, at Washington. His tide-gauge 
has two cylinders. One is carried by the clock, and receives the 
paper after the tidal curve is traced. The other carries the blank 
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paper, and is assisted in its revolutions by a weight, thus easing 
the labor of the clock. The pencil acts between the two, and the 
intervals of time are noted by a marker connected with a striking 
apparatus. 

In the former tide-gauge, the curves are repeated on the same 
paper—in Mr. Saxton’s a continuous curve is traced from day to 
day. Both machines have reversal scales which can be adapted 
to the variable rise and fall at different places. 

The leading principle in these gauges is the same as in those 
of Lieut. Palmer, published in 1833, and of Mr. Blunt, in 1838. 

The dependence of practice upon theory is well established. 
The contributions of science to meet the daily wants of life, 
constitute her highest claims to respect and encouragement. In 
addition, however, to the useful results to be obtained from the 
researches into the nature of tides upon the shores of the United 
States, the friends of science, in this country, will be gratified to 
see that the superintendent has taken the first step towards rescu- 
ing the nation from the reproach of having hitherto entirely neg- 
lected this important branch of practical astronomy. 

In conclusion it may be mentioned, that with twelve connect- 
ed establishments determined at the oflice last winter, an attempt 
was made to deduce the place and direction of the co-tidal line, 
of XII hours upon this coast. ‘The formula used by the super- 
intendent was regarded as a means of approximation only, the 
co-efficients being subject to future modification. 

The direction and velocity of tidal currents are now subjected 
to a rigorous investigation. ‘They are determined for the nor- 
nal condition of the tides, and for the effect of occasional de- 
ranging causes, such as winds, &c. The work is laid down upon 
circular and rectangular diagrams, both of them showing the 
courses and rates of motion. When accidental influences are the 
subject of examination, the mean is taken of several days’ ob- 
servations made under suitable circumstances, the temperature of 
the water being always recorded in the note-book. [or this 
duty a new hydrographical party is added to the survey. 

Connected with the study of currents is the exploration of the 
Gulf Stream, a work of vast labor and much time, for which the 


preparation is already begun. The magnitude of this task can- 
not be estimated. Its practical and philosophical bearings were 
ably treated by the committee of the scientific convention at 
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Washington, of which Lieut. Maury was chairman. They need 
not, therefore, be dwelt upon here; neither will any thing be 
said, at present, of the course of investigation to be pursued, 
farther than this, that deep-sea temperatures, and the shelving of 
the coast parallel to the Jand and water within the borders of the 
Gulf Stream, will not be overlooked. 

As the operations of the coast survey depend upon the weather, 
the necessity for full and systematic meteorological journals is 
apparent. 

Printed forms have been distributed by the superintendent, in 
which the weather, the state and temperature of the atmosphere, 
and the employments of the day are recorded by each assistant. 
At the new primary stations, the barometer and dew-point are no- 
ted. Besides the strict personal accountability, incidental benefits 
will spring from this mode of journalizing. Among them may be 
enumerated the means of estimating the probable progress of the 
work at the north and at the south, at different seasons of the 
year, the assistance they will afford in tracing the courses and 
studying the nature of storms, and the exceedingly valuable help 
they will supply for laying down, at some future time, a map of 
temperatures and climates throughout the coast region of the 
United States. 

It would occupy too much space to mention the number of 
new printed forms now in use upon the work,—but their value 
cannot be questioned. Literal instructions may be differently 
construed by different persons, but the order to fill up a printed 
form according to the headings, leaves no room for misconstruc- 
tion or latitude of interpretation. This, however, may be carried 
so far as to trammel individual effort, and control individual intelli- 
gence—but the evil is too apparent to have escaped notice. 

The most serious and painful embarrassment is incurred by the 
present head of the survey, from the deficiency of good instru- 
ments. Just in proportion as the observer is proud and happy in 
the manipulation of good instruments, so is he dispirited and 
anxions with bad ones, which require endless repairs, tedious 
processes for the rectification of errors, and threaten, after all, to 
disgrace. him by imperfect results. It seems worse than ridicu- 
lous to expect that a work of such delicacy and magnitude as the 
geodetic survey of the coast, can be conducted without an ample 
supply of the best instruments, yet Dr. Bache has been com- 
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pelled to borrow a transit instrument from the State of Massachu- 
setts, an altitude and azimuth circle from Columbia College, 
(now returned,) a repeating circle from West Point, and to pur- 
chase from Mr. Blunt, a Gambey theodolite, imported for his own 
use, which fully justified the high character of the maker. For 
this department there should be a separate appropriation, and itis 
to be hoped, that next winter the earnest appeals of the superin- 
tendent, supported by some intelligent members of Congress, who 
can appreciate the vital necessity of the case, will be heard with 
favor. In the mean time he is doing all in his power to reme- 
dy the gross deficiencies. A transit telescope has been ordered 
from Simms, and from Gambey a theodolite of the largest class, 
suited to astronomical observations and to the measurement of 
horizontal angles. Encouragement is given to our mechanics at 
home, from whom the smaller instruments are ordered, as they 
are wanted. A theodolite, by Patten, has lately been divided at 
the office with the dividing engine belonging to the coast sur- 
vey. A vast deal of work, such as repairs, new mountings, &c., 
is done upon instruments in the workshops of the office at Wash- 
ington. ‘The vertical circle of the three feet theodolite has been 
separately mounted during the past winter, and a new horizontal 
circle graduated for the purpose. The fitting of the microscopes 
for the large theodolite has also been altered, so as to render the 
adjustments more easy and permanent. ‘To these repairs may be 
added the making of drawing instruments, and engravers’ tools. 
This work, done under the eye of those who are to use the in- 
struments, is attended with a saving of time and expense. 

The dividing engine of Mr. ‘Troughton, belonging to the coast 
survey, which has been referred to, has been made automatic 
by the mechanical genius of Mr. Saxton. This instrument 
had been but little used. ‘Two days were required to divide 
a circle, and the change of circumstances in the interval, the 
inconvenient position of the workman, and the effect of the 
heat of his body, created doubts of its accuracy after trials by ex- 
perienced workmen. Now that it is self-acting, it performs, in 
one hour and ten minutes, the work which before consumed 
two days. The turning of a crank gives the necessary slow 
motion to the circle, raises the cutter, pushes it forward, and 
draws it back in such a manner, that it marks lines of four dif- 
ferent lengths—10’, 30’, 19, and 10°, and finally it throws itself 
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out of gear when the division of the whole circle is completed. 
The centering was found defective, but now this and all other 
errors are effectually removed, except some small irregularities in 
the teeth of the main wheel, which will, in turn, be corrected. 
This engine admits a circle four feet in diameter, and will an- 
swer for the whole country. 

There is one respect in which the superintendent has adopted a 
course entirely new, which must meet with the hearty approba- 
tion of the friends of learning throughout the country. In vari- 
ous parts of the United States, but principally attached to learned 
institutions, are found gentlemen who are led by taste, as well as 
professional pursuits, to make observations of value to the coast 
survey, especially in latitudes and longitudes. The superintend- 
ent purchases their results, of the highest value, because made 
by experienced observers, and with better instruments than the 
coast survey could furnish. Professors may profitably employ 
their summer vacations in similar labors. It will be recollected 
that Dr. Bache himself, while filling a chair in the University of 
Pennsylvania, made the magnetic survey of his native state 
during the term intervals of two years. Prof. Renwick, of Co- 
lumbia College, was engaged last year in making experiments in 
Long Island Sound, with the new magnetic instruments before 
spoken of, for the coast survey. Mr. Bond, of Cambridge, com- 
municates the meridian differences, by chronometers, between 
Boston and the British observatories. These have become nu- 
merous since the establishment of the line of steamers, and the 
commencement of Commodore Owen’s survey of the Bay of 
Fundy. And Mr. Walker, of Philadelphia, has in charge the 
reduction of all the observations on record at the office, bearing 
upon the longitudes of coast-survey positions. Every one will 
admit that this duty, as extensive as it is laborious, could not be 
placed in more responsible keeping. 

In the same spirit, observations at fixed observatories, occulta- 
tions, eclipses, and moon culminations, and also for latitude, are 
procured and reduced to central points of the survey. It has al- 
ready been mentioned, that the results of the transits over the 
prime vertical at Cambridge, have been communicated by Prof. 
Peirce. This system is the more necessary, because the coast 
survey can neither supply instruments nor observers for important 
occasions. ‘The solar eclipse and transit of Mercury of last May, 
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for instance, were observed by Dr. Bache, at Great Meadow sta- 
tion, near T'aunton, and by two assistants, one at Portland, and 
one at a station near Baltimore ; and further than this the means 
of the work did not extend. But the records of the same phe- 
nomena are to be communicated from Cambridge, Brown Uni- 
versity, and Philadelphia. Major Graham also has kindly placed 
his observations, made at Governor’s Island, at the disposal of the 
superintendent. Collaterally with the same work in the office, 
scientific men, in private life, are engaged to report all the im- 
portant calculations of the survey. ‘I'he security against error 
afforded by employing persons, to compute, who have had no 
connection with the duties of the field or the observatory, is 
well understood. 

The policy of the system now described, which gives support 
and encouragement to scientific men at home, which procures for 
the coast survey the use of good private instruments, and the as- 
sistance of accomplished observers and computors, which enlarges 
the sphere of labor in a way not less notable for its economy, 
than its practical benefits, cannot but receive universal sanction. 
It is intended to multiply, hereafter, observations at the principal 
stations of the work, of occultations and moon-culminating stars. 
The predictions of the former will be put in the hands of a 
distinguished mathematical professor. 

Much remains to be completed in the area occupied before 
Mr. Hassler’s death. ‘'T'o bring up this old work is an unthankful 
office ; but this is to be done whilst the constant progress of the 
new is not interrupted. An assistant of Dr. Bache’s party is 
now employed in the Chesapeake. One of the two principal as- 
sistants is reconstructing the old triangulation in Delaware Bay. 
The important changes at Sandy Hook, developed by the re- 
newed survey of last year, demand further examination. The 
number of similar cases may be expected to increase every year, 
especially as the survey advances tothe southward. ‘These facts 
are equally interesting to the geologist as to the navigator. 
There are few cases of change recorded in Mr. Lyell’s treatise 
more striking than that at Sandy Hook. The investigation into 
their causes, belongs to the geologist, yet he must receive the 
basis of facts from the surveyor, and it will not be forgotten, that 
among these facts, are to be noted the local appearances, the di- 
rection in which the sea strikes the coast, the comparisons of soil 
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as far as they may indicate the local connections, together with 
such others as will serve to guide the philosophical inquirer. It 
would lead to but a partial estimate of the value of the coast 
survey to omit these, as well as other considerations, upon which 
there is not time to dwell. 

How well the coast survey has fulfilled the principal object of 
its institution, that is, the improvement of the navigation of our 
own shores, has been already amply illustrated. ‘The channel 
newly determined at the entrance of New York bay, if known, 
would have permitted the entrance of D’Estaing’s fleet, and it 
appears, from a comparison of the curves of soundings, that it 
must have existed at that time. 

In Delaware Bay, there has been determined a new and straight 
ship channel, three smaller channels over the ridges of Cape May, 
and a dangerous shoal lying very near the main ship-channel. 
At the entrance of Delaware Bay, near Capes May and Henlopen, 
three shoals have been accurately defined ; and a rock has been 
found at the entrance of New Bedford harbor, between the light- 
houses. But while navigation and its wants are the prominent 
object, information is incidentally furnished to facilitate works 
of fortification and internal improvement. Such was the case 
with regard to the fortifications projected near Sandy Hook, in 
the construction of the New York and New Haven railroad, and 
of the light-house on Tucker’s Island, and in the improvements 
on League Island in the Delaware, and the project for carrying 
the Croton water to Brooklyn across East River. 

Another point of real importance, which will receive the care 
and cordial co-operation of the superintendent, is the permanent 
position and systematic classification of buoys. This cannot be 
so well done until after the chart of the particular place is issued 
from the office. At present the buoys in our harbors are not well 
arranged, and hardly occupy the same place in two successive 
years. ‘Taking the harbor of New York for an example; there 
are a certain number of black and white buoys precisely alike. 
If the mariner falls in with one of these buoys in a fog he has 
no means of knowing whether it marks the ‘ outer-middle,’ or 
the ‘ west-bank,’—whether it is the buoy of the North channel, 
or of the S. W. Spit. That is, he must know his position 
by the bearings of familiar objects on the land, before the buoy 
can be a guide to him. ‘The reader will at once perceive that if 
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the British rule were adopted, of putting the buoys of one color 
on one side of the channel, and those of another on the other 
side, and numbering them in order from out, inwards, then the 
mariner in the night, or a fog, falling in with one of them, would 
know the precise spot he was in, and the course to be steered to 
the next buoy. Further details could be added concerning their 
moorings, as for example, the propriety of using the screw pile, 
introduced into this country by Capt. Wm. H. Smith of the To- 
pographical Engineers, but the preceding hasty remarks show 
the importance of the subject, and its present state of neglect. 

Since the coast survey has been under its present head, five 
sheets of charts have been issued ; four of them are sheets of the 
large chart of New York bay, and were two-thirds done under 
Mr. Hassler. 'T'wo more are wanting to complete this set. They 
will contain the south side of Long Island, and the east entrance 
of the Sound, and may appear before this paper is published. 
The small chart of New York bay and harbor has been for sale for 
some time in the principal cities, and begins already to be in 
demand. The charts of Delaware Bay, of the coast of New 
York, and of Long Island Sound, are in the engraver’s hands and 
advancing rapidly. In order to expedite the publication, and em- 
ploy the skill and talent of other engravers, maps of the smaller 
harbors will be executed out of the office. The maps of Fisher’s 
Island of the old work, of New Bedford and Annapolis, with the 
Severn of last year’s work, are in progress. This isa part of the 
system of getting out results as soon as possible. The last men- 
tioned will be engraved in a less elegant style of finish, being 
subject to future improvement, especially in their astronomical 
determinations. 

But this subject, however interesting, must be brought to a 
close. It was said at the beginning of this article, that the chief 
aim of it was to convey some idea of the methods and principles 
of observation and reduction introduced into the work by Dr. 
Bache himself, and to show that this noble undertaking has lost 
no ground during the past eighteen months of its existence. 
Even more than this could be justly maintained, were it not 
above all things, desirable to avoid unseasonable and unprofitable 
comparisons. 

As the duties of the survey are numerous, various, and com- 
prehensive, so the labor of arranging them, of adjusting each to 


Dr. Hare on the Chemical Nomenclature of Berzelius. 249 


the other, and making all harmonize together, of regulating their 
details and embracing their extent, of giving instructions to the 
head of every party whether in the field, or the observatory, or 
on the water, and receiving in return his reports and communica- 
tions, is onerous and engrossing in the extreme. This is attended 
to by the present superintendent personally, while all the angles 
measured, astronomical, magnetic, and other observations taken, 
and calculations made at the stations of the first order, are exe- 
cuted by himself, or under his immediate control. 

There is one point of the highest import to the prosperity of 
the work, which must not be passed over. ‘The coast survey, 
heretofore endangered by the absence of a controlling public 
opinion, now enjoys its efficient support, both in Congress and in 
the country generally. It enjoys, moreover, internal peace and 
harmony, a condition essential to the prosecution of scientific 
labors, and honorable to all. 

It only remains to add, .aat the matters here treated being con- 
sidered familiar to the general readers of this Journal, it has not 
been thought necessary to consume space by strict references to 
the authorities cited. 


Art. IlL—A Letter to Berzelius on Chemical Nomenclature ; 
by Rosertr Hare, M. D., Professor of Chemistry in the Uni- 
versity of Pennsylvania. 

Philadelphia, May, 1845. 

E'steemed Sir,—I am extremely grateful to you for the good 
will which has induced you to occupy so much of your val- 
uable time and attention in answering my letters, and regret 
that I have not succeeded in so expressing myself, whether in 
French or English, as to make you comprehend my opinions. I 
shall begin to think that in theoretic elucidation, as well as in 
physical illumination, it may be more difficult to make luminous 
impressions on bodies, in proportion as they are themselves pre- 
eminently the sources of light. 

In your letter of the 25th of February, 1844, you describe 
my opinion of a salt in the following words: “ Vous fondez 
idee d’un sel uniquement sur la composition sans egard aux 
proprietes, vous ne considerez, comme un sel que ce qui est com- 
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posé d’un combinaison binaire appelleé base et un autre combi- 
naison binaire appelleé acide. Les sels dit haloide, ne sont pas, 
d’apres vous, des sels, puis qu’ils ne sont compose que de deux 
elements et ne contienent ni base ni acide.” That this account of 
my opinion is erroneous must appear from the following language, 
held in my letter to Prof. Silliman, which first gave rise to our 
correspondence on the subject of nomenclature. 

“The most striking feature in the nomenclature of Berzelius, 
is the formation of two classes of bodies, one called ‘ halogene, 
or salt producing, because they are conceived to produce salts di- 
rectly ; the other ‘amphigene,’ or both producing, being pro- 
ductive both of acids and bases, and of course indirectly of 
salts. ‘To render this division eligible, it appears to me that the 
terms acid, base, and salt, should, in the first place, be strictly de- 
fined. Unfortunately, there are no terms in use, more broad, 
vague, and unsettled in their meaning. Agreeably to the com- 
mon acceptation, chloride of sodium is pre-eminently entitled to 
be called as a salt ; since in common parlance, when no distin- 
guishing term is annexed, salt is the name of that chloride. This 
is quite reasonable, as it is well known that it was from this 
compound, that the genus received its name. Other substances, 
having in their obvious qualities some analogy with chloride of 
sodium, were, at an early period, readily admitted to be species 
of the same genus ; as for instance, Glauber’s salt, Epsom salt, 
sal-ammoniac. Yet founding their pretensions upon similitude 
in obvious qualities, few of the substances called salts, in the 
broader sense of the name, could be admitted into the class. 
Insoluble chlorides have evidently, on the score of properties, as 
little claim to be considered salts, as insoluble oxides. Luna 
cornea, plumbum corneum, butter of antimony, and the fuming 
liquor of Libavius, are the appellations given respectively to chlo- 
rides of silver, lead, antimony, and tin, which are quite as defi- 
cient of the saline character as the corresponding compounds 
of the same metal with oxygen. Fluoride of calcium (fluor spar) 
is as unlike a salt as lime, the oxide of the same metal.” 

‘On the other hand, if instead of qualities, we resort to compo- 
sition as the criterion of a salt; if, as in some of the most re- 
spectable chemical treatises, we assume that the word salt is to 
be employed only to designate compounds consisting of a base 
united withan acid, we exclude from the class chloride of sodium, 
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and all other ‘ haloid salts,’ and thus overset the basis of dis- 
tinction between ‘halogene’ and ‘amphigene’ elements. More- 
over, while thus excluding from the class of salts, substances 
which the mass of mankind will still consider as belonging to it, 
we assemble under one name, combinations opposite in their 
properties, and destitute of the qualities usually deemed indispen- 
sable to the class. ‘Thus, under the definition that every com- 
pound of an acid and a base, is a salt, we must attach this name 
to marble, gypsum, feldspar, glass and porcelain, incommon with 
Glauber’s salt, Epsom salt, vitriolated tartar, pearlash, &c. But 
admitting that these objections are not suflicient to demonstrate 
the absurdity of defining a salt as a compound of an acid and a 
base, of what use could such a definition be, when, as I have pre- 
mised, it is quite uncertain what is an acid or what is a base. 
To the word acid different meanings have been attached at 
different periods. 'The original characteristic sourness, is no 
longer deemed essential. Nor is the effect upon vegetable colors, 
treated as an indispensable characteristic ; and, as respects obvi- 
ous properties, can there be a greater discordancy, than that 
which exists between sulphuric acid and rock crystal; between 
vinegar and tannin; or between the volatile odoriferous liquid 
poison, which we call prussic acid, and the inodorous concrete 
material for candles, called margaric acid ? 

‘While an acid is defined to be acompound capable of forming 
a salt with a base, a base is defined to be a compound that will 
form a salt with anacid. Yet a salt is to be recognized as such, 
by being a compound of the acid and the base, of which, as I hav> 
stated, it is made an essential mean of recognition.” 

On reperusing the passages which I have thus annexed, you 
will perceive, that I have treated as absurd the idea of restricting 
our conception of a salt to a compound formed of an amphide 
acid and an amphide base, and that I have denounced that of 
depriving the chloride of sodium of its appropriate name, and 
eliminating from the class of salts compounds analogous to this 
chloride in composition and properties. 

In the following paragraphs, taken from my “ Effort to refute 
the arguments advanced in favor of the existence, in amphide 
salts, of a compound radical like cyanogen,” I have objected 
to the employment of the word salt as a corner-stone of any 
scientific superstructure. “27. It much surprises me, that 
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when so much stress is laid upon the idea of a salt, the impossi- 
bility of defining the meaning of the word escapes attention. 
How is a salt to be distinguished from any other binary com- 
pound? When the discordant group of substances which have 
been enumerated under this name, is contemplated, is it not evi- 
dent that no definition of them can be founded on community of 
properties ? and, by the advocates of the new docirine, composition 
has been made the object of definition, instead of being the basis. 
Thus, agreeably to them, a compound is not a salt, because it is 
made of certain elements; but, on the conirary, an element, 
whether simple or compound, belongs to the class of salt radicals, 
because it produces a salt. Since sulphur, with four atoms of 
orygen, SO*, produces a salt with a metal, it must be deemed a 
salt radical.” 

“30. Evidently the word salt has been so used, or rather so 
abused, that it is impossible to define it, either by a resort to prop- 
erties or composition ; and I conceive, therefore, that to make it a 
ground of abandoning terms which are susceptible of definition, 
and which have long been tacitly used by chemists in general, in 
obedience to such definition, would be a retrograde movement in 
science.” 

On perusing the preceding passages, you must perceive that 
the difference between us, is not, that while you would build 
upon one idea of a salt, I would build upon another ; it lies, on 
my part, in the rejection, as a basis of nomenclature or classifica- 
tion, of a word, so vaguely used, and so undefinable as that in 
question. 

As respects another misapprehension, it never occurred to me, 
that binary haloid compounds, were less entitled to be considered 
as salts, on account of their having no more than two elements. 
The tendency of my opinions has been to consider the chloride of 
sodium, as the basis of the saline genus, and to object to the 
treatment of any body asa salt, which has not some analogy with 
it in properties, if not in composition. 

The feature in your nomenclature and classification which is 
most discordant with that which I have proposed, is the distinc- 
tion which you have attempted to make between the binary 
compounds formed by halogen bodies with electro-positive radi- 
cals, and those formed with the same radicals by amphigen 
bodies. I cannot conceive upon what ground the former, for the 
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most part, are more worthy of being considered as salts than the 
latter ; nor whereupon the amphide compounds resulting in the 
one case, are to be considered as acids or bases, according to their 
relation to the voltaic poles, more than are the haloid compounds 
resulting in the other. 

Your nomenclature and your classification, are founded on the 
words acid, salt, and base, and yet you have not given any con- 
sistent definition of the ideas to be attached to either. These 
words have been shown to be employed by you in different 
senses, whether as respects composition or properties. 

On this subject you will find the following comments in my 
letter to Prof. Silliman above quoted. 

“ An attempt to reconcile the definitions of acidity given by 
Prof. Berzelius, with the sense in which he uses the word acid, 
will, in my apprehension, increase the perplexity. It is alleged 
in his Traite, page 1, Vol. II, ‘ that the name of acid ts given to 
silica and other feeble acids, because they are susceptible of com- 
bining with the oxides of electro-positive metals, that is to say 
with salifiable bases, and thus to produce salts, which is precisely 
the principal character of acids.’ Again, Vol. I, page 308, 
speaking of the halogene elements, he declares that ‘ their combi- 
nations with hydrogen, are not only acids, but belong to a series 
the most puissant that we can employ in chemistry ; and in this 
respect they rank as equals with the strongest of the acids, into 
which oxygen enters as a constituent principle.’ And again, 
Vol. II, page 162, when treating of hydracids formed with the 
halogene class, he alleges, ‘ The former are very powerful acids, 
truly acids, and perfectly like the oxracids ; but they do not com- 
bine with salifiable bases ; on the contrary, they decompose them 
and produce haloid salts.’ 

“In this paragraph, the acids in question are represented as 
pre-eminently endowed with the attributes of acidity, while at 
the same time they are alleged to be destitute of Azs ‘ princi- 
pal character of acids,’ the property of combining with salifiable 
bases. 

“Tn page 41 of the same volume, treating of the acid consist- 
ing of two volumes of oxygen and one of nitrogen, considered 
by chemists generally as a distinct acid, Berzelius uses the 
following language. ‘If I have not coincided in their view, it 
is because, judging by what we know at present, the acid in 
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question cannot combine with any base, either directly or indi- 
rectly, that consequently it does not give salts, and that salifiable 
bases decompose it always into nitrous acid and nitric oxide gas. 
It is not then a distinct acid, and as such ought not to be admit- 
ted into the nomenclature.’ ” 

I suggested a definition here subjoined, which is founded up- 
on your own electro-chemical classification, and which is no 
more than an enunciation of a rule acted upon, and consequently 
sanctioned tacitly by yourself and all other chemists. The de- 
finition in its amended form, as given in my text-book, is as 
follows :— 

“ When of two substances capable of combining together to form 


a tertium quid, and having an ingredient common to both, one 
prefers the positive, the other the negative pole of the voltaic series, 
we must deem the former an acid, the latter a base; also, any 
body capable of saturating an acid, as above defincd, is a base, 
and any body capable of saturating a base, as above defined, is 


an acid.” 

It follows that agreeably to the nomenclature proposed by Far- 
aday, every acid is an “anion,” every base a “‘cathion.” 

But to proceed to another part of the letter, which I have had 
the honor to receive from you, it is there alleged that although 
“ nitrate calcique” (nitrate of lime) is a deliquescent salt, while 
fluor spar is a stone, you class them together because they have, 
in common, the property of yielding with sulphuric acid gypsum 
and a free acid. But allow me respectfully to inquire how, con- 
sistently with your system, sulphuric acid can extricate a free 
acid from fluoride of calcium? By your own premises fluoride 
of calcium is a salt, then wherefore is not the fluoride of hydro- 
genasalt? If it be a salt, where is the analogy between the 
reaction of the sulphuric acid with the nitrate of lime and the 
fluor? In the former case sulphuric acid liberates an acid by a 
superior aflinity for a base already existing ; in the Jatter case, by 
causing the oxygen of its combined water to unite with calcium, 
it generates a base and afterwards combines with it; and, while 
decomposing one fluoride, gives rise to another. In the instance 
of the nitrate, one amphide salt is replaced by another amphide 
salt, while an acid is liberated ; in the instance of the fluoride, an 
haloid salt is replaced, both by an ampbide salt and another haloid 
compound, As, according to your system, this compound con- 
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sists of a halogen, or salt-generating body, combined with a rad- 
ical, it should be treated as a simple salt. 

If, as stated in your Traité, an ability to combine with bases be 
an essential attribute of acidity, how can the fluoride of hydro- 
gen be an acid, unless my view of the question be admitted, 
agreeably to which the electro-negative fluorides are fluacids, the 
electro- positive fluorides, fluobases, while the compound of a flu- 
acid and fluobase is a salt, at least as much as feldspar, or marble. 
With what other base than a fluobase, can the fluoride of hydro- 
gen unite as an acid, so as to fulfil the conditions of your defi- 
nition 

I am prevented from supposing that by adopting the salt radi- 
cal theory, you would rest the analogy of the cases cited, on the 
existence of a compound radical oxynitrion, in the nitrates, be- 
cause in your letter of the 15th of September, you allege, that 
you prefer to consider oxysalts as consisting of two oxides. Be- 
sides, 1 hope you will consider the arguments which 1 have ad- 
vanced against that theory, as unanswerable. 


* On this subject the following remarks were made in my letter on your nomen- 
clature above referred to. “In common with eminent chemists Prof. Berzelius 
has distinguished acids in which oxygen is the electro-negative principle as oxacids, 
and those in which hydrogen is a prominent ingredient as hydracids. If we look 
for the word radical, in the table of contents in his invaluable treatise, we are re- 
ferred to page 218, volume first, where we find the following definition, ‘ the com- 
bustible body contained in an acid, or in a salifiable base, is called the radical of the 
acid or of the base.’ In the second volume, page 163, hydracids are defined to be 
‘those acids, which contain an electro-negative body, combined with hydrogen ;’ 
and in the next page it is stated, that ‘ hydracids are divide d into those which have 


asimple radical, and those which have a compound radical. The second only 


comprises those formed with cyanogen and sulphoeyanogen.’ Again, in the next 
paragraph, ‘no radical is known that gives more than one acid with hydrogen, al- 


though sulphur and iodine are capable of combining with it in many proportions, 
If at any future day more numerous degrees of acidification with hydrogen, should 
be discovered, their denomination might be founded on the same principles as those 
of oxacids.” Consiste ntly with these quotations, all the electro-negative elements 
forming acids with hydrogen, are radicals, and of course by the de finition of Prof. 
Berzelius, combustibles; while hydrogen is made to rank with oxygen as an acidi- 
fying principle, and is consequently neither a radi alnoracombustible. Yet page 
120, volume second, in explaining the reaction of fluoboric acid with water, in 
Which case fluorine unites with hydrogen and boron, it is mentioned as one in- 
stance among others in which fluorine combines with two combustibles. 

“Tam of opinion that the employment of the word hydracid, as co-ordinate with 
oxacid, must tend to convey that erroneous idea, with which, in opposition to his 
own definition, the author seems to have been imbued, that hydrogen in the one 
case plays the same part as oxygen in the other. But in reality the former is 
eminently a combustible, and of course is the radical by his own definition.’ 
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But admitting the existence of oxynitrion in the nitrates, 
wherefore should not fluorine in fluacids, play the same part as 
oxygen in oxacids. If a compound radical be formed when two 
oxides come together, wherefore should there not be a compound 
radical formed by the meeting of two fluorides? If in the one 
case, all the oxygen goes to form a compound radical, in the other 
ought not all the fluorine to perform an analogous part? Hence 
if on the one hand we admit the existence of orynitrion, on the 
other we must admit that of fluohydrogenion. 

it will be conceded that there is a great analogy between the 
acid haloid compounds of hydrogen erroneously named hydracids, 
and those formed by the same radical with sulphur, selenium, 
and tellurium. Ihave designated the three last, and likewise wa- 
ter when acting as an acid, as amphydric acids, while [ have 
designated the haloid hydracids so called, as halohydriec acids; 
founding these appeilations on your words amphigen and halo- 
gene. Can it be imagined that although when either of the 
amphydric acids, sulphydric acid for instance, is presented to a 
corresponding amphide compound, sulphide of potassium for in- 
stance, that a compound radical is generated, so that the formula 
of the resuiting sulpho-salt is to be HS?P, and yet that when 
fluohydric acid is presented to the fluoride of potassium, there 
being no generation of a radical, the formula of the resulting 
compound is to be FH+FP-. 

You consider it as an objection that I must class the oxide of 
sodium with the chloride and sulphide of the same metal, not- 
withstanding the diversity of their properties; but how can this 
be a consistent objection, when, according to your nomenclature, 
the chloride of sodium is classed not only with the fuming liquor 
of Libavius, the butyraceous and volatile chlorides, which though 
analogous in composition differ from it in properties extremely, 
but also with feldspar, gypsum, glass, and marble, which are 
utterly different from it in composition, as well as in properties? 

if in the case of the nitrate of lime and fluor spar we are to 
overlook that the latter is a stone, the former a deliquescent salt, 
in consideration of the alleged community of results obtained by 
reaction with sulphuric acid, let us subject the sulphide and 
chloride of sodium to the same test. Do we not obtain from 
either, sulphate of soda and a free acid? Is there not a much 
greater analogy between chlorohydric acid and sulphydric acid, 
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than between the nitric acid and the fluoride of hydrogen? 
Under this aspect can it be reasonable to class together the nitrate 
of lime and fluor spar as simple salts, and yet exclude the sul- 
phides from the same class? Are not the sulphides more analo- 
gous to the chlorides and fluorides than the nitrates, in the very 
trait to which you have referred? I allude to the evolution from 
either by reaction with sulphuric acid of a like base and of one 
of the acids improperly called hydracids. 

It is considered as objectionable that chloride of sodium, a 
neutral salt ‘‘ par excellence,” should be deemed a base. But I 
would ask, whence originated the nominal neutrality of this 
chloride ; did it not spring from the old abandoned notion of its 
consisting of muriatic acid and oxide of sodium? ‘That it isa 
salt par excellence, I admit, but deny that it is a neutral salt 
agreeably to the idea associated with the term neutral as applied 
to the sulphates of potash and the sulphate of soda, in contradis- 
tinction to the acid bisulphates of these bases, That it is neu- 
tral or inert, as respects its reagency with vegetable colors, ought 
not, as [conceive, any more to be an objection to its claims to the 
basic character, than the like inertness is an objection to the basic 
pretensions of the oxides of the metals proper, among which very 
few, if any, have any alkaline reaction. ‘This is more properly 
atest of alkalinity than of basidity. 

Since water, alumina, and some other oxides, are considered as 
capable severally of acting as.an acid in some compounds and as 
a base in others, wherefore may not the same substance have the 
attributes of a salt in one case, and yet in others act as a base? 
Which is the most remote from the character of a base, is it the 
salt or the acid? 

Iam obliged to you for the information given at the close of 
your letter. I do not know whether you have ever met with the 
account given in the Bulletin of the proceedings of the American 
Philosophical Society, of my success in fusing pure rhodium 
and iridium, by the hydro-oxygen blowpipe. 

[have been for some time endeavoring to perfect some new 
methods of analyzing organic substances by burning them in 
oxygen gas. 

With the highest esteem, I am yours sincerely, 

Rosert Hare. 
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Art. If. —Description of a Singular Case of the Dispersion of 
Blocks of Stone connected with Drift,in Berkshire County, 
Massachusetts ; by Epwarp Hrrcucock, LL. D., President of 
Amherst College. 


{Read before the Association of American Geologists and Naturalists, at Washing- 
ton, May, 1844.) 


Tue precipitous ridges and deep vallies of western Massachu- 
setts may be regarded as classic ground on the subject of drift. 
The force by which the bowlders were dispersed and the rocks 
smoothed and striated, swept over those ridges in an oblique di- 
rection; and we are there presented with much striking evidence 
how independent was this force of existing agencies and of the 
present configuration of the surface. The leading facts respecting 
the drift of that region, I have presented in my Final Report on 
the Geology of Massachusetts. But within the past year I have 
been invited by Dr. S. Reid, of Richmond in Berkshire County, 
—himself a zealous naturalist,—to examine a very curious case 
of transported blocks, found in that town and the adjoining ones; 
and it is so different from any case which I have met with, that 
I am anxious to bring it to the notice of geologists. For anom- 
alous cases in natural history sometimes reveal to us a general law 
that governs a large class of phenomena, or rather they lead 
us toa wider induction than we had made from the ordinary 
facts. 

I wish first to mention, that Dr. Reid has given some account 
of this case in the Berkshire Farmer, a newspaper published in 
Lenox. But as he did not go into those details which give the 
case an important aspect in relation to prevailing theories of drift, 
I shall attempt to supply that deficiency. 

As one passes a few rods west of Dr. Reid’s residence, and 
about half a mile northeast of Richmond meeting-house, he will 
see, on either side of the road, numerous angular blocks of stone, 
of a character quite different from the rock in place, which is 
limestone. In general the fields are quite free from loose blocks. 

3ut on looking southeasterly at this spot, he will see a well 
marked train of blocks, perhaps thirty or forty rods wide. He 
may be surprised to see how distinct are the limits of this train. 
But if he do not follow it further, he will not probably regard it 
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as a peculiarity of much importance ; if, however, he turns north- 
westerly, and follows the train on foot through woods and cleared 
fields, he will find it pursuing a very direct course, over hill and 
valley, for about three miles, when he will ascend a ridge, per- 
haps 600 feet high, in the town of Canaan, New York, where 
the rock in place corresponds to the blocks of the train; and 
beyond this ridge, that is to the northwest of it, he will find no 
more of them. If he now returns to the place where he started, 
in Richmond, and follows the train southeasterly, he can trace it 
over the mountain in Stockbridge, through Lee, and up Beartown 
Mountain, in the northwest part of Tyringham ; that is, from its 
commencement in Canaan, a distance of about fifteen miles. I 
have not myself followed it so far; but Dr. Reid has, and he 
knows not how much farther it extends. 

The character of the surface along which these blocks are 
strewed, may be learned from the accompanying map, which ex- 
hibits the general features of the topography, and from the sec- 
tion annexed. The heights of the hills, as well as the distances 
exhibited on this section, were estimated by the eye. Butacon- 
siderable error in these respects will not affect the deductions 
drawn in this paper. I have represented the ridge from which 
the blocks were derived to be about 6U0 feet above the neighbor- 
ing vallies. (See ridge A, on the map and the section.) There 
the train passes over a valley a mile in width, and ascends an- 
other broad ridge,(B,) which forms the principal part of the 
Taconic Mountain at this place, and which 1 judge to be about 
200 feet higher than the ridge in Canaan,—having a-valley of 
some depth near its top. Southeast from this ridge the train 
crosses a broad valley, some four or five miles wide, lying mostly 
in Richmond, and ascends another ridge, (C,) lying nearly paral- 
Jel to the Taconic, called Lenox Mountain, and which may be 
500 or 600 feet above the plain. From this it descends into the 
somewhat level country of Stockbridge and Lee, crosses the 
Housatonic River, and ascends that broad, irregular pile of moun- 
tains called ‘the Beartown Mountains,” (D.) 

About half a mile south of the train that has now been descri- 
bed, is another of a similar character, and emanating from the 
same ridge in Canaan. ‘The blocks in it are less numerous, but 
its parallelism to the other train is well preserved as far as it has 
been traced, which, I believe, is not beyond Richmond. Its 
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width is about the same as the other. Between the trains, and 
in other parts of the town, we meet occasionally with a block of 
the same kind as the trains: but they are rare; though Dr. Reid 
thinks it possible that a third train may be found in the south 
part of the town, where he has observed the blocks to be more 
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The rock forming these blocks, I incline 
to refer to the talcose slate of the T'aconic 
Mountain ; and yet it is quite distinct from 
the usual talcose slate of that range, which 
forms the west part of Richmond. It isa 
very hard and tough rock, of a greenish 
color, and often considerably granular, re- 
sembling the older varieties of graywacke. 
It frequently contains veins of what ap- 
pears to be picrosmine, which is quite 
characteristic, and readily identifies it with 
the rock in Canaan. In some spots on 
the parent range, we can see the places 
where the ragged fragments were torn off 
by some giant force, and the fracture has 
yet aconsiderable degree of freshness,—for 
this is one of the most enduring of all 
rocks, being highly magnesian. This ridge, 
it ought to be remarked, is a part of the 
Taconic range, which here is separated 
into several rather low ridges. On the 
west of the ridge in Canaan, succeed lime- 
stone, clay-slate, and the oldest of the Si- 
lurian or graywacke rocks. 

As we go east from the parent range, 
the west ridge, as we enter Massachusetts, 
is the common talcose slate of the Taconic. 
Then succeeds, in the valley of Richmond, 
a crystalline limestone; then mica slate in 
Lenox Mountain; then limestone to the 
Housatonic ; and finally, in Beartown Moun- 
tain, quartz rock and gneiss. These rocks 
are not marked on the map, because they 
are of no great importance to the point 
in hand. 
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I ought to add that the rock of which these blocks consist, is of 
that intermediate kind which will be referred to ditierent places 
in the geological scale by different geologists, according to their 
theoretical views. Nevertheless, it has a character so distinct that 
even a common observer would not mistake it or confound it with 


any of the rocks in place over which the blocks are strewed. 


The opinion that it is serpentine I consider quite untenable. 

The blocks composing the trains seem to be confined to the 
surface. We have a fine opportunity of seeing this where the 
main train crosses the western railroad. At that spot the road is 
excavated to a considerable depth into drift, that is rounded. But 
not one of these blocks is seen mixed with it. ‘They lie only on 
the surface. Nor could I see any evidence on any of them, that 
they had been at all subject to attrition. Yet the hills over which 
they have passed are all smoothed and furrowed on their western 
sides, and by a force acting in the same direction as that which 
conveyed these angular blocks; but they could not have been 
concerned in the attrition, otherwise their angles would have 
been worn off. In short, it is certain that these blocks must 
have been transported in some very quiet manner to their present 
situation. Indeed, had they been blasted by human power, and 
conveyed by men to their places, and arranged carefully in lines, 
and then suffered to weather for a few centuries, they would ap- 
pear much as they now do. 

I have spoken of these trains as if they pursued an undeviating 
course. But I must now modify this statement. From their 
starting point to the middle of Richmond, I could discover no de- 
viation from a right line. But when we come into the broad val- 
ley lying between Richmond and Lenox Mountain, the direction 
changes about 30°. As far as Richmond, the course by the true 
meridian is E. 349° S. From thence the remainder of the dis- 
tance, certainly to Lenox Mountain, it is E. 56° S. Possibly 
there may be another change of a few degrees beyond Lenox 
Mountain. This change in the course may be seen on the map, 
where the trains are shown by dotted lines. 

The quantity of these blocks, taking the whole length of the 
trains into account, is immense. In some places they almost 
cover the ground ; as where we begin to ascend the hill to the 
northwest of Richmond meeting-house. In other places the in- 
terval between them is several rods. 
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Nor is the size of the individual blocks small. They are usually 
some feet in diameter, and now and then we meet with examples 
of extraordinary magnitude. At the foot of the hill, northwest 
of Richmond meeting-house, is the largest I saw. It is 140 feet 
in circumference, and 12 feet thick. A rod or two distant lies a 
fragment, which has been detached from the main block, which 
is 19 feet long, 20 feet broad, and 54 feet thick. These two 
blocks, originally one, contain 16,000 cubic feet, and weigh about 
1,370 tons. I have seen others as large nearly ; but in several 
instances they were split into pieces, as if they had fallen from 
a considerable height into their present position. 

Such are the facts. What inferences can we draw from them ? 

In the first place, these trains of blocks must have been scat- 
tered during the latter part of the drift period, and by the same 
general agency that accumulated the rounded detritus beneath 
the blocks, and smoothed and furrowed the rocks. The fact 
that the trains of blocks lie upon the surface above the common 
drift, proves that they were brought there by an agency more 
recent than that which accumulated the inferior detritus. But 
as the force acted in both instances in the same direction, that 
is, southeasterly, and must have been very different from any 
other agency that has since acted in that region, we have no 


good reason for calling in other powers to explain effects so 


nearly alike. 

In the second place, it is impossible to explain this case by any 
theory of drift, which refers it to the agency of curreuts of water 
alone, or of the water and the detritus driven along by its power. 
The very oblique direction which the train takes across high 
ridges, would alone refute the idea that water could have done it, 
even though the whole northern ocean had rushed with the 
violence of a descending cataract over the spot. But still more 
absurd does such an hypothesis appear, when we learn that thou- 
sands of blocks are strewed over a distance of fifteen miles, not 
the eighth of a mile in width, aud preserving an uniform direction. 
He who can suppose that a current of water would thus confine 
such a train of blocks,—some of them of enormous weight,— 
within such narrow and exact limits, and that too without wear- 
ing off the angles of the blocks, must have a very different idea 
of the dynamics of currents of water from what I have. 
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In the third place, it is almost equally difficult to explain the 
dispersion of these blocks by floating icebergs. If the number of 
blocks had been only one or two, or even not more than fifty, it 
might be possible that a large iceberg should have dropped them. 
But what iceberg could have loaded itself with enough of these 
blocks to have strewed them so thickly for so many miles? And 
who will believe that successive icebergs, striking against the 
same ridge in Canaan, should have torn off and borne away suc- 
cessive blocks in precisely the same direction, so as to have 
lengthened out the train? Besides, although an iceberg would 
have the power to break off the blocks, where is the agency by 
which they would be raised upon its back ? 

Finally, I know of but one or two facts in geology that can 
furnish us with the slightest clue to the manner in which these 
trains of blocks were produced. One is, the transportation of 
blocks of stone in what is called packed ice, upon rivers in high 
latitudes. These sometimes form lines of bowlders along the 
shore for a considerable distance ; as in the river St. Lawrence, 
described by Mr. Lyell in Vol. I of his Principles of Geology, (p. 
371.) If, therefore, we could suppose a large river passing from 
the mountain in Canaan across the hills southeasterly, and the 
climate much colder, it might afford a possible though very im- 
probable explanation of the case. But one has only to look at 
the region to see, that in its present configuration, this is out of 
the question, unless a river can flow without a bed, and over 
ridges 600 or 800 fect high. And as to any essential change of 
configuration there since the drift period, [ think I have proved it 
absurd in my Final Report. 

The second case to which I referred is that of the medial mo- 


raines of glaciers; that is, trains of blocks borne along on the 
back of the middle of the glacier, in consequence of the union of 
two glaciers, whereby the lateral moraines of the separate glaciers 
are forced to the surface after the coalescence. One has only to 


look at such moraines, as represented by Agassiz in his Etudes 
sur les Glaciers, to see that they a good deal resemble the trains 
of blocks in Richmond; and then, such a mode of transport 
would show why they are not rounded. But when we come to 
examine the country with reference to a glacier, we shall find it 
about as difficult to imagine the existence of one there as of a 
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river. The country, to the northwest of the ridge in Canaan, 
from whence the blocks started, descends as far as Hudson River, 
say 40 or 50 miles; and it is not till we have gone 100 or 200 
miles beyond that river, that we have any mountains of much 
height. And then, if we can imagine a glacier to start from the 
ridge in Canaan, it must ascend 100 or 200 feet, according to my 
estimate, in order to go over the next ridge into Richmond ; and 
then again ascend Lenox Mountain and Beartown Mountain. It 
is quite as difficult, also, to imagine any cause why the glacier 
should change its course after passing the first ridge. If it had 
gone directly down the north and south valley after going over 
the first ridge, it would not be strange ; but it seems to have per- 
sisted in going over the next ridges. 

A case, which approaches more nearly to the one I have de- 
scribed in Berkshire, is given by Mr. Darwin as occurring in the 
Falkland Islands, south latitude 52°. ‘The bottoms of the val- 
leys,” says he, “are covered in an extraordinary manner by myr- 
iads of great angular fragments of the quartz rock. The whole 
may be called a ‘stream of stones.’ The blocks vary in size from 
that of a man’s chest to ten or twenty times as large ; and occa- 
sionally they altogether exceed such measures. ‘Their edges 
show no sign of being water-worn, but only alittle blunted. The 
width of these beds varies from a few hundred feet to a mile.’* 

The slope of these streams of stones is about 10°, and they ap- 
pear to have travelled from the heads of the vallies since the land 
was raised above the sea. But Mr. Darwin supposes them to have 
been hurled from the nearest slopes, and then, by powerful earth- 
quakes, to have been leveled into continuous sheets. Did the 
blocks in Berkshire occupy the bottoms of the vallies, this expla- 
nation might perhaps apply to them. But the position of the 
trains in an oblique direction across the hills and the vallies, ren- 
ders this theory inapplicable. In short, I find so many difficul- 
ties on any supposition which I can make, that I prefer to leave 
the case unexplained till more analogous facts shall have been 
observed. 


* Narrative of the Voyage of the Beagle, Vol. III, p. 253. 
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Art. 1V.—Meteorological Observations made at Hudson, Ohio, 
Lat. 41° 14 42” N., Long. 5h. 25m. 40s. W., during the years 
1841, ’2, 3, and ’4, with a summary for seven years ; by Extas 
Looms, Professor of Mathematics and Natural Philosophy in 
the University of the city of New York. 


In Volume xu1, pp. 3L0—330 of this Journal, is given a sum- 
mary of the Hudson observations for 1838, ’39, and 40. It is 
now proposed to continue this summary, and append the average 
results for seven years. The position of the instruments has 
throughout remained unchanged, and the same hours of obser- 
vation have been adhered to. During the past four years, not a 
single observation, except of the hygrometer, has been lost. 
They were all made by myself, with occasional exceptions, until 
October, 1843, from which time until July, 1844, they were made 
by Mr. S. T. Seelye, a graduate of Western Reserve College. 
Those for August and September were made by Mr. Lemuel 
Bissel, and those for the next five months by Prof. Nooney. 
The year is considered as commencing with March. The fol- 
lowing observations of the barometer, are all corrected for capil- 
larity, and reduced to 32° F. 


BAROMETER. 


| 
| Mean of 

Months} 1841. 1844 | seven years 


oscillation 


Diurnal 


9am.) 3P 19am] 3PM./9a.m 3PM 9AM 
March, 28°733 28°75 28°7: 23:773 23°793 23-751 -O42 +192, 28-601: 

“806 

‘769 

“792 

“S76 

‘8538 

‘812 

“823 

‘817, - 050. - 


28°829 28-787 - “362 28-489 


The mean diurnal oscillation is for spring 0437; for summer 
‘0363; for autumn ‘0460; and for winter -0420. It is least in 
summer and greatest in autumn. Average for the year ‘0420, 
differing but slightly from the results of the first three years. 

The mean pressure at Hudson for the seven years is 28-808. 
The reduction to the level of the sea is given below, to which I 
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have added for comparison three years’ observations at Cam- 
bridge, and two years’ observations at Toronto. 
Hudson, . ‘ 28°808 
Reduction for 1141 feet, . + 1-222 
Correction for gravity, . — 010 
Zero error, ‘ +.007 


30:027 
Cambridge, ‘ 29-940 


Reduction for 50 feet, ‘ +055 
Correction for gravity, — ‘007 


29.988 


Toronto, . 29:608 
Reduction for 342 feet, 
Correction for gravity, —-004 
Zero error, 


Comparing these results with those giver former article, 
we have— 
Hudson, 30:027 
Cambridge, 29-988 
Toronto, . 29-978 
New York, 29:°977 
Montreal, . 29-989 
Quebec, . ‘ 29:919 


The excess of pressure at Hudson is remarkable, and indicates 
a probable error in the assumed elevation of the place. If we 
suppose the elevation to be 1092 feet, the resulting pressure will 
be 29-983. 'This gives an error of 50 feet in the assumed eleva- 
tion of Hudson, which seems hardly admissible ; nevertheless 
that result (1141 feet) was derived from an imperfect connexion 
with a hasty rail-road survey from lake Erie. 

It has been justly remarked by Colonel Sabine, that the oscil- 
lations of the barometer are the complex effect of changes in the 
pressures of the vapor and of the gaseous atmosphere ; and that 
while we confine our attention to this complex effect, we fail to 
detect the causes of the phenomena. But as soon as we separate 
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the phenomena of the vapor and the air, we perceive the depen- 
dence of each upon temperature. Columns thirteen and fourteen 
in the preceding table, exhibit the pressure of the vapor as de- 
duced from the observations of the hygrometer on page 271; and 
subtracting these numbers from the total pressure, we obtain the 
pressure of the gaseous atmosphere, shown in the last two col- 
umns of the table. 

We perceive then that the pressure of the vapor is greatest in 
the hottest months, and at the hottest hour of the day. On the 
contrary, the pressure of the gaseous atmosphere diminishes in 
the summer months, and augments in the winter months ; it also 
diminishes as the heat of the day increases. 

The cause of this phenomenon is obvious. As the temperature 
of the day increases, the air in contact with the earth’s surface 
becomes warmed; it rises, and a portion diffuses itself in the 
higher regions of the atmosphere, over spaces where the tem- 
perature at the earth’s surface is less. ‘Thus the weight of the 
column is diminished. As the temperature declines, the column 
contracts, and receives in turn a portion of air which passes over 
in the upper regions from spaces where a higher temperature 
prevails, and thus the pressure is increased. 

The advantage of thus separating the pressure of the vapor 
from the pressure of the gaseous atmosphere, is apparent from the 
fact that the total pressure has two daily maxima and minima, in the 
explanation of which, much ingenuity has hitherto been wasted. 
The whole mystery is now solved by the bi-hourly observations 
at the English meteorological observatories. The vapor pres- 
sure and that of the gaseous atmosphere have each but one daily 
maximum and minimum, as might be expected from the fact that 
there is but one daily maximum of temperature. But the mo- 
tions of the vapor and the gaseous atmosphere following different 
laws ; and their maxima occurring at opposite hours of the day, 
the sum of their effects, or the total pressure as shown by the 
barometer, exhibits two daily maxima and minima, which occur 
at different hours from the maximum and minimum of tem- 
perature. 

The following table exhibits the instances, corrected for capil- 
larity and temperature, in which the barometer has risen above 
29°25. 


{ 
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1841, March 17, 9 a.m. 29°3201842, Dec. 26,9 a.m. 29°310 

“April 15, 9 a.m. 1843, Jan. 17,9 a.m. 

Dec. 22,9 272, Dec. 13,9 a.m. ‘A13 

1842, Jan. 23,3 ‘295 1844, March 5, 9 a. M. 294 

March 12, 9 a.m. 262, “ April 1,9 a.m. 324 

Nov. 29, 9 a.m. Oct. 20, noon, ‘267 

The following are all the instances in which the barometer has 
sunk below 28°25. 

1841, March 13, 9 a.m. 28°227)1843, Jan. 31, 14 p.m. 27-961 

“ April 29, 34 p.m. 27-923) “ Feb. 10, 94 p.m. 28-097 

Dec. 4, 6 a.™. 3104. “ March 28, 7% a.m. 27-841 

Dec. 10, 3 p.m. ‘08S 1844, Jan. 12, 10 p.m. 28-070 

Feb. 4,4 P.M. 00S; “ Jan. 17, Qa.m. °150 

March 2, 3 P.M. 244 Oct. 15, 3p.m. 239 

Nov. ‘221; Oct. 18, 9p.m. ‘243 

Nov. ,7 P.M. 091) “ Dec. 22, Sp.M. 205 

1845, Jan. 13, 9 a.m. ‘218 

The entire range of the barometer for the seven years, is 1:719, 

from 27-841 to 29:560. The range of the barometer at Hudson 


is only three quarters what it is at the level of the sea in the 
same latitude ; that is, the barometric wave is reduced one quar- 
ter at the elevation of 1100 feet. It may hence be inferred that 
the great fluctuations of the barometer are confined to the lower 


regions of the atmosphere. 
Fluctuations of the barometer, exceeding -7 inch within 24 
hours. 
Date Barometer. 
1841, April 28847 
28-070 
3 P.M. 28°164 
342, Feb. 4, 4 p.m. 28-008 
A. M. 28791 
29 036 
28°308 
29:254 
28:495 
219-219 
28-451 


24 hours. 


24 hours. 


17 hours. 


24 hours. 


in 24 hours. 


‘768 in 24 hours. 


Vol 9 : — 
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Date. Bai arometer. Oscillation. 


1843, Jan. 


‘A17 in’ 6 hours. 
45 in 24 hours. 
Feb. 


March 


‘715 in 124 hours. 


23 hours. 


W 


24 hours. 


D 


13 hours. 


DD 


( 


772 in 24 hours. 


WM dD W W W 


1845, Jan. 


‘704 in 24 hours. 


724 in 24 hours. 


W W 


The greatest range in 24 hours, for the entire period of seven 
years, was 946, March 28, 1843. Only four cases have occur- 
red in which the fluctuations amounted to ‘8 inch in 24 hours. 

The season of the year in which these maxima, minima, and 
extraordinary fluctuations have occurred during seven years is 
shown in the following table. 

Maxirna, Minima. Fluctuations. 
October, 0 
November, 
December, 
January, 
February, 
March, 
April, 
May, 


Or 


2) 


— Cr 


* About the time of minimum, the column of mercury was very unsteady, 
oscillating through an are of from -02 to -03 inch. This motion was not due to 
agitation of the tube, but to sudden changes of pressure, and resembled very 
much the respiration of an animal. On the 14th of August, 1843, just.at the 
commencement of a shower the barometer oscillated through -073 inch. Cases of 
this kind are not uncommon. 


“= 10, 94 p.m. 
27,9 a.m. ‘728 
oa 28, 7§ a.M. ‘$87 in 
28.9 a.™. ‘848 
1844, Jan. 12,9 a.m. 692 | 
12, 10 lon 622 in 
Dec. 7,9 a.™M. 
9 a.m. BS-218 
18, 3 P.M. | 
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The most remarkable atmospheric disturbances are confined to 
the cold months, and are altogether unknown in summer. 


THERMOMETER AND HYGROMETER. 


March, 9 a. M 


April, 
May, 

60°3 
62-6 
67°8 
70°4 


WZ 


60-0 


| 
| 


The following table shows the average for the seasons, for seven 


years, to which I have added the mean degree of humidity at 
Hudson, Toronto and Greenwich, complete saturation being call- 
ed unity. 


HUMIDITY. | 


Seasons. ermom. | Hygron Dit’ nee Hudson. | Toronto. Greenwich 


Spring, 9a.m.| 49°19 | 41-19 | ‘72 | -786 
3 56°8 43-2 ‘6 | ‘615 
Summer,9 a. M. 
3 P.M. 
Autumn,9 a. M. 7 44-7 
3p.m. | 46°4 
Winter, 9 a. ™. 


Thus it appears that the humidity of Hudson is generally in- 
termediate between Toronto and Greenwich; but Greenwich is 
drier than Hudson in summer, and Toronto is more humid in 
winter. 

In order to determine the mean temperature of Hudson, we 
need to know the relation between the mean temperature and the 
9 o’clock observation. 


184! 1S4 Mean 7 years. 
Ther. | Hyg er. H er. H lax Tier Hyg | 
36:72 29°3° 1443°3° 195 17-02 |39°2° |34-4° [37-80 6-99} 
«Sem 462 319 386 200 [457 374 [462 333 [129 | 
51-5 42-5 90 | 
[14-4 
] 19-9 
67-8 61-0 6:8 
\736 632 | 
bord 70 
736 672 [11-4 | 
Aug. Yam. [703 642 [685 637 [707 64-9 [639 698 642 156 
“ 3 P.M 779 #660 743 646 j76 8 666 761 660 flO} 
Sept. 649 623 [61-7 583 [657 620 [622 [615 591 | 34] 
‘ [731 645 [69-7 593 [72-0 644 1698 636 [695 602 9-3 | 
Oct. 9am. 446 398 H75 451 [63 438 453 
the} [57-4 16°] 8 i534 16°7 155 
Nov. Yam. [388 349 [82-7 291 [361 316 40-2 36-5 6 (31-7 
“ 3pm. 423 350 105 309 [404 332 453 382 332 
De Yam. 287 PST [330 WY [B23 (25-9 
(358 B34 25 [364 315 [853 [333 [26-9 
Jan. 9am. 314 265 260 P66 239 [337 
(368 265 [6-2 276 [815 WY B73 | (24-8 
\Feb. [318 263 0-4 144 [309 26-7 [32 6 | 29-3 23-8 
[397 290 PO] 165 5 317 38:1 26:1 
Year, Qa.m. 49°] 43-4 5-7 | 823 ‘79 $40 | 
3p.Mm.| | 45:2 | | ‘685 | °765 
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The temperature at 9 a. m. is 10° above the mean, from one 
year’s observations at Philadelphia; it is 0-19 above the mean, 
from two years’ observations at Toronto; 0°S5° below the mean 
from two years’ observations at Montreal ; average 0'12° above the 
mean, from 5 years’ observations. This quantity is so small that 
I neglect it altogether. Subtracting 02° for the zero error of the 
thermometer, we have 48-9° for the mean temperature of Hudson. 
The temperature of the Atlantic coast in the same parallel is 
50 6°.—Ditlerence, 1-7°—being at the rate of one degree for 642 
feet elevation. From observations made in the state of New 
York, Mr. Coflin has deduced a decrease of 1° for 372 feet eleva- 
tion. 

The observations on wells, commenced in my former article, 


have been continued to the present time. 


1841, August 3, 50-92 50-3 
1$42, February 25, 50:2 
| August 22, 51:3 50-4 
11843, April 5, | 50:1 
August 26, | 61:3 50:0 

, March 21, 3° 50:0 A5 475 
August 27, A4 49:7 


Mean of three years, 54% 506 | 463 | 491 | 


|Mean of six years, 46-6 490 | 


The annual range of temperature of A, is 0°9°; of B, 2:3°. 
If we could assume that the temperature of a well was simply 
that of the stratum in which its springs take their origin, we 
could compute the depth of the springs from the annual variation 
of temperature. From these data, we should find that the well 
A was fed by springs at the depth of 42 feet, and the well B at 
the depth of 30 feet. In fact, however, it is plain that the change 
of temperature of these wells is not due to conduction, in the 
usual mode in which heat travels along a metallic bar, a solid 
rock, or dry earth, for then the maximum temperature could not 
occur before mid-winter ; whereas, according to my former article, 
(p. 316,) the maximum occurs in August or September, and the 
minimum in January or February. It seems clear, then, that 
this heat must be conveyed downward by the small streams of 
water which filter through the soil, and are occasionally found in 
considerable veius. ‘These streams start with the temperature of 
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the surface, but are gradually robbed of it by the strata through 
which they pass. The range of temperature, then, at a given 
depth, will depend not merely upon the depth, but upon the time 
occupied by the water in its descent. 

But the most perplexing anomaly is the constant difference, 
15°, in the mean temperature of the two wells. It cannot be as- 
cribed to difference of depth, for this is only 7:5 feet, and indeed 
the level of the water in A is about 7 feet hivher than that in B. 
Can it be ascribed to the different depths of their springs? An 
increase of temperature of 1:5°, corresponds to a depth of about 
60 feet. Admit that the springs of A come from a depth 60 feet 
greater than those of B; much of their heat would be lost in tra- 
versing this distance, so that the difference in the temperature of 
the wells would be less than 1:5. Moreover, the observed range 
of temperature and time of maximum indicate a free communi- 
cation with the surface of the earth, which is inconsistent with 
the supposition of its being entirely controlled by springs at a 
depth of sixty feet, where the annual variation of temperature is 
well nigh extinct. I infer, then, that this well must have a 
pretty free communication with springs at a depth of perhaps 
200 or 300 feet, where the mean temperature is several degrees 
above that of the surface; while by means of descending streams 
there is a communication with the surface sufficiently free to 
catise an annual variation of temperature above what is due to the 
depth of the well. This, then, is a veritable hot-spring, as much 
as the hot-springs of Virginia, and its high temperature is to be 
ascribed to the same cause. 

The following table exhibits all the days in which the ther- 
mometer has fallen to zero. 

1843, February 8, 4 A. M. —0:5° 
16, 63 A. M. - —17° 
17,6 A. M. - - - 

In the winters of 1841-2, 1843-4, and 1844-5, that is, three 
winters out of seven, the thermometer was not observed in any 
instance to sink to zero. 

The following table exhibits all the days in which the ther- 
mometer has risen to 90°. 

1841, June 8, - - 90° 1843, July 1, - 91:3° 

— « 17. 92-4 
90°5 
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During the summers of 1839, 1840, 42 and ’43, that is four 
summers out of seven, the thermometer did not rise to 90°. The 
entire range of the thermometer in seven years has been from 
—10°1° to 93°, = 103-19. 

The following table shows the maximum and minimum tem- 
perature of each month for the seven years. 


Months.) Max. Min. [Max.) Min {Max.|Min.JMax. Min Max. Min. Dut 
March, 76 -4-4174-8 117-6 [78-0 | 117-5506 | 
April, [25 2 75-0 25-2836 (235/796 23-0 254563 
May, | 35-4 27-0I85-1 (32-6 184-5 | 26-7176-8 |33-0'87-9 185-8 {82-5 133-9183-7 181-5 522 
June, [87°8 46°0)86-0 39°8 [90-0 | 45 [35-3886 32-4 44-7 
uly, 55° 60-°6)86°7 193-0 53 987-7 46:8 47-389°8 51-9379 
l\Aug., 5S 52-0 53-0183°9 49-0]86-9 50-6 36-3 
Sept. (316): 35: O76°9 33-6 > 38 6186-0 34-4)87°8 36-9460 
17% 24-9)71-5 25-O170-0 '24-5)72°6 25-7 46-9 
5 20-6 [75 19°5)68°6 | 6-8 
93 156°6 | 55 
-10°15 
J62-4 8653-3 


2O154-6 15-015 1-9 9-9 42-0 
3015595 130/556) 10546 


3-O0165°7 | ¢ 0159-7 31566 


3 


) 
) 


1 1451665 19-0643 13°6 50-7 


Isao ) Indi 
Ground last white with snow, April 21.)March 9 April 14. Fet 
Plum trees in blossom May 4 22 S. May 15 

Last flakes of snow, 27 
Last ice, 

Last frost, 

First frost, Sept. 3 g: : Sept. 12. Oct. 1.1 
First severe frost, 3 
First flakes of snow, Oct. 15 wv. 7 Oct. 24 

Ground first white with snow, 28 


* Frost every month in the year 


t Frost is said to have been seen on low grounds carlier than this 
The following table exhibits all the cases in which the ther- 
mometer has been 25° above the dew point, all occurring at 3 
P.M. I have also given the interval between each of these dates 
and the next subsequent rain. 
Date Ther. above hygrom. Rain followed 
1841, March in 18 hours. 
A days. 
April 22, 
May 16, 
Aug. 7, 
March 16, 
17, 
oC 
29, 
April 1, 


9 


16 hours. 
A days. 
3 

17 hours. 

«CU 

g « 


~ 


é 


~w W 
I 
aw 


27. 
The following miscellaneous facts may interest some readers. 
Mean] 
Api M 22.1M 
May § April 9 Ay 
June |. Mar 30.) M 
4 
July 21 June Il. |June 
: 
4 
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Date. Ther. above hygrom. Rain followed. 
1842, May 5, 26°9 7 days. 
16, 27: 
June 7, 29: 

July 21, 25 

Feb. 26, 5: 


22 hours. 
* 
2 days. 
9 hours. 
33 
18 
A5 


~ 


March 7, 7 


& a 


April 5 
«UL, 1 
12, 21 
21, 19 
7, 25° 3 days. 
13, 15 hours. 
16, 5 days. 
18, 3 
19, € 57 hours. 
21, 5: 9 
July 20, 4 days. 
2 l, 
April 19, 
May 49, 
“ June 12, 6 16 hours. 


© 


The distribution of these dry days for the seven years has been 
as follows: 

February, l May, 15 August, 1 

March, 13 June, 2 September, 1 

April, 18 July, 3 October, 1 
Making in all 55 cases, 46 of which have occurred in the spring 
of the year. 

In 25 out of these 55 cases, rain followed in 24 hours. This 
will appear the more remarkable, when it is considered that the 
instances in question were often the driest times in the whole 
month. If we admit that in some instances there was no con- 
nection between the dryness and the subsequent rain, there is 
certainly room to suspect such a connection in other cases. 
Thus, April 2, 1842, when the air had become drier than at any 
other time during the month, rain followed in nine hours. ‘The 
same happened in February, 1843. In six instances when the 
thermometer had risen more than 25° above the dew point, rain 
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followed in nine hours. When weconsider that such instances 
of dryness occur on an average only eight times in a year, we are 
led to infer that the dryness not only does not prevent a speedy 
rain, but that it may be the effect of an approaching rain, or may 
operate as an eflicient cause to produce it. Both of these cases I 
conceive to be possible, aud may happen in the following manner. 
If, as the effect of an approaching storm, distant one or two hun- 
dred miles, a strong current is forced from a higher latitude to a 
lower, where it is warmer, it will be rendered drier, and moreover 
the heat which is given out in the condensation of vapor may 
produce an effect at a considerable distance in advance of the 
storm. 

The dry air may also be an efficient cause of rain in the fol- 
lowing way. The prevalent current of the atmosphere over the 
United States, is from west to east. So long as the entire mass of 
the atmosphere moves on together with uniform velocity in this di- 
rection, we seldom ifever have rain. But ifalower stratum stands 
still or flows back towards the west, rain is usually the consequence. 
Now this reversal of the lower current may be the effect of in- 
creased pressure, or increased specific gravity of the air; that is, 
an unusually high barometer, an unusually cold or dry air, may 
be a cause of rain. 

The following table exhibits all the cases for two years in 
which the thermometer at Greenwich was 25° above the dew 
point, with the hours of observation in Gottingen mean time, 
which is about 40 minutes in advance of Greenwich. 


Date. Hygrom. Rain followed; 
1841, April 30, 4h. 25°0° in 2 days. 
June 4,4 26°8 * 
18, 2 27°5 15 minutes. 
1842, April 28, 4 27:0 5 days. 
“628, 4 30°1 42 hours. 
July 15,4 26°0 3 days. 
Aug. 15, 4 27°6 q © 
618, 4 30:7 22 hours. 


Thus it appears that the atmosphere at Greenwich is less dry 
than that at Hudson, but it is quite remarkable that in 1841 rain 
followed in 15 minutes after the driest time of the whole year. 

The following are the only instances in which the dew point 
at Hudson has risen to 80°, all at 3 p. m. 


y 
] 
x 
Pp 
r 
d 
d 
t 
h 
t 
b 
e 
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1843, July 1, §3°1° 
80:0 
“17, 813 


The last of these cases was immediately followed by a thunder 
shower. 

The following are the only instances in which the dew point 
has sunk to zero. It should be borne in mind that these obser- 
vations are made only at 9a.m. and 3 p.m. If they had been 
made at sunrise, the list would have been larger. 


1843, February 16, 9 a. M. —3'5 

3 P.M. —12 

March 23, 9 A. —0:3 


Some individuals whose opinions are entitled to great respect, 
have expressed dissatisfaction with Daniell’s hygrometer. The 
following objections have been urged against it. 

1. That the instrument is not susceptible of suflicient accuracy. 

2. That the observation requires considerable time. 

3. That it is not always practicable. See this Journal, Vol. 
xLvu, p. 19. 

The first objection has weight in the hands of an unskillful 
person. When an excess of ether is used, and sudden cold is 
produced, the thermometer does not instantly indicate the cold 
generated, and if you note the thermometer at the instant the 
ring begins to form, the observation is too high. If there isa 
copious deposition of dew, it requires some time for it to be re- 
dissolved, and the thermometer meanwhile will rise above the 
dew point, so that both observations will be too high, and the 
result may be erroneous several degrees. But if we use barely 
sufficient ether to produce a visible ring of dew, one observation 
will be about as much below the truth as the other is above, and 
the mean of the two may be relied upon within a degree. 

At one time I found my assistant was habitually getting a very 
high dew point, which excited my suspicions, and on examina- 
tion I found that the ether had all distilled over into the upper 
ball. The bulb of the enclosed thermometer was of course left 
entirely insulated. ‘The result was that he got no ring of dew, 
and but little depression of the thermometer. The precaution 
should always be observed to expel the ether into the lower ball 

Vol. xt1x, No. 2.—July-Sept. 1845 36 
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before each observation. Very little confidence can be placed in 
the observations of this instrument made by an unskillful person ; 
but with a judicious observer, I think this instrument is as much 
to be relied upon as any hygrometer with which I am acquainted. 

The second objection is well founded, but is not very serious. 
It is rare that the observation requires more than three or four 
minutes, and the same objection lies against nearly every direct 
method of determining the dew point. When observations are 
to be made only a few times in a day, the loss of time is not 
great; but where hourly observations are required, I should pre- 
fer Prof. Bache’s hygrometer to any thing else [ have yet seen. 
The observation with the wet-bulb hygrometer is very expedi- 
tiously made ; but this furnishes the dew point only by computa- 
tion, and the computation is as laborious as the observation with 
Daniell’s hygrometer. 

The third objection may be true for some climates, but I 
doubt if it be so for any part of the United States. Daniell’s 
hygrometer has been observed at Hudson for seven years, every 
day at 3 p.m., and the experiment has never failed. Twelve 
times the dew point has been more than 30° below the temperature 
of the air, and once the difference amounted to 36°. It is doubt- 
ful whether the difference would ever be found much greater for 
any part of the United States. In the hands of many observers 
the experiment would fail at such times. It can only succeed 
with the aid of good ether and dextrous management. Most of 
the ether of commerce is unfit for the purpose, and can be used 
advantageously only after distillation or washing. With the best 
ether I could command, I have sometimes found all the contents 
of the lower ball distilled over into the upper, without the depo- 
sition of dew. In such a case, I immediately invert the instru- 
ment, and drive back the ether into the lower ball, and repeat 
the operation before the thermometer has had much time to rise. 
Without this precaution the experiment would sometimes have 
failed. The wet-bulb hygrometer has a seeming advantage over 
Daniell’s in this respect that you can easily get an observation. 
This is a method well deserving attention, yet its theory can 
hardly be considered as sufiiciently settled to entitle it to the 
same confidence as a direct method of getting the dew point. 

In the observation with Daniell’s hygrometer I have often 
noticed the following curious fact. As ether is applied, the ther- 
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mometer sinks pretty uniformly until it approaches near the dew 
point, when it experiences an apparent resistauce to further de- 
pression, refuses to sink any lower, and perhaps begins to rise ; 
butif you add ether sufficient to carry it below this point, it will 
probably sink several degrees at a jerk. The explanation I sup- 
pose to be the following. As the lower ball is cooled down nearly 
to the dew point, precipitation commences, though not perhaps 
in a visible ring. Heat is liberated which opposes the further 
depression of the thermometer, and more ether is required to 
counteract this effect. When this obstacle is overcome, the ther- 
mometer suddenly sinks several degrees. 

It will be observed that the diurnal range of the hygrometer is 
very small; less than 2° from 9 a.m. to 3S p.m. for the entire 
year. On clear nights the thermometer usually sinks to the dew 
point of the preceding day, and not much lower, for the liberated 
heat from the condensed vapor opposes its further descent. Here 
then we have a method of predicting the lowest temperature of 
the succeeding night if it be clear; and this remark may be of 
considerable practical utility at times when vegetation is liable to 
be injured by frost. If the hygrometer sinks to 40°, we may 
confidently expect frost in a clear and still night, although the 
thermometer of the preceding day may have been quite high; 
but as long as the hygrometer is high, there is little danger of 
frost. 

WINDS. 

The following table is constructed in the manner described in 

my former article, p. 320, and exhibits the results of seven years’ 


observations. 


| 
March 132-3 944 85-4) 75° WW 1731] 93-4 68-7) 270-7|N. 68° w. 
April 128°5 107-5, 99-9 200-4) 7X 12 203°6) 108-0 69-6, 234-0; 59 50 
113-7 1026, 91-8 274) 85 19 202-4] 103-0 67-8) 243-3) 61 44 
June, 11071 1332 63-8 2261's. 55 176:5} 1308 52:3) 251-6) 77 6 
July, 112-2 97-9) 66-8; 224-4.N. 84 50 215-2] 927 37-0) 265-0) 61 45 
August, 1180 1034 922 1920 81 41 207-5} 86.0 68-2) 205-0) 48 24 
September,, 91:5 133-1) 86:1. 197-65. 69 33 165°9) 123°1 68-0) 230-4 75 15 
October, 81-8 132:1, 65°6 233:3) 73 19 125-7] 123°6, 49°1| 284-1 89 
November, | 60°0 121-5 65-7 237-0) 70 14 81-5} 1056 57-5) 82 52 
December, 94-9 122-6 72:6 82 20 124°3) 113-6 65°2) 87 
January, 93°7 73°9; 252-2; 71 32 111-3) 140°8 58-4] 82 34 
February 90:4 124-2) 57-1) 243-2 79 41 117-4] 38-4] 2833) 86 17 
ear 1227-0 14253 921-1 2742: 7's. 85° 46" w. 1904-2) 1359-0 77° 7! w 


Sum of 9 a.m. and 3 ep. 
N ; 


i Course. 
J1313 273848 1621:2 5826°5 n. 85° 17’ w. 


< 


| 
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This result is almost identical with that of the first three years, 
The average wind at 9 a.M. is southerly; at 3 p. mM. is northerly. 
The average for both hours is northerly. Considering that each 
of the individual years furnishes nearly the same result, there 
can be little doubt that at Hudson the mean progress of the wind 
is from northwest to southeast. If any one should regard this 
conclusion as doubtful, it is probable that he would not be satisfied 
with any thing short of the record of a self-registering anemo- 
meter. I am not aware of more than two instruments of this 
kind on this continent which have been observed long enough 
to furnish important results. ‘These are at ‘Toronto and Phila- 
delphia. ‘The following is the result of the ‘Toronto observations 


for two vears. 


N 
184], 1232-6 lbs. 747-4 Ibs 957-2 Ibs. 1741-4 Ibs. nw. 35° w 
Sum of two years, 4377-0 2040-7 2343-4 4432-3 xn. 41- 53!’ w 


The northerly motion is here so predominant as to leave no 
doubt of the average progress of the wind. We shall look with 
interest for the publication of the Philadelphia observations. 


CLOUDS. 


The following table exhibits the progress of the clouds, each 
observation being resolved in the direction of the cardinal points. 
The tab!e contains the sum of the observations for seven years. 


Mouths A.M 
N = Course N = W ‘ 

|March, 13:4) 336 17 OT 38-0 151) 1108 86° 13’ w 
}April, 399 16:5] 90-4)s. 86 17 39-6 38:1) 106 1024 89 4 
May, | 332 373 14 41-4 155 1159s. 85 24 
June, i904 10-7) 116-4N.89 40 10-5, 13-1) 134 
July, 1556 36°71 79 44 466 132 1 31 
August, 45:4 1096N.77 40 606 6OO 380-2 89 37 | 
September, =| 47-3) 36:0 20-7) 81 15 28) 468 21-6 87 17 
October, 49'S 112) 89 23 417°4, 127-2N. 86 25 
November, 1406 5412 203) 1147 81 50 570 13-4 125-9s. 80 5S 
December, 1-8 48-2 LOT 125 85 59 10-9 O-4 127°6 SO | 
January, 36.3) 57-8 11-7] 131-6) 79 50 63.4 109 1363 76 44 
February, 33-9. 43.1 8&7] 1268! 8&5 3 33:1 448 37 1295 36 | 
Total, 29°8 531-0 89° 577 w 507-3 568 2 173°6 879 1S! w 


The mean result derived from seven years’ observations does 
not differ half a degree from the result of the first three years. 

The following table exhibits the proportion of the different 
varieties of clouds, the number under each month being the sum 


of the observations for seven years. 
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March, | 19|' 10 76 8 23) 32] 17 27) 6 16 12 39 
April, 12; 23. 9 28] 14 32 46 11; Sl 
May, 10; 24 38 & 22) 52} 6 40 24 13 28 61 
June, 24 37 42 17 26 33] 18 67) 29 14 21 40) 
July, 23) 55 30, 21) 20) 26] 15 93) 23) 16 20 31 
August, 25; 58 37| 22; 20; 23) 12100) 31; 25. 6 32 
September, 31' 43) 8 23) 35] 7 56 30! 14 15 53 
October, 16; 22 61) 16, 25, 42) 25 64 20, 33 
November, 1014 93 4 21) 47] 10 19) 83 13, 22 48 
December, 6; 4129 3! 21! 39) 5 4115 5 23 48 
January, 6106 7 32} 39} 6 LL 93 10; 30 48 
February, | 5& 78 12; 31) 38) 15 18) 71) 10; 26, 38 


The following table exhibits the clouds of the seven years 


arranged by seasons. 


Spring, | 41] 57) 173; 25, 73, 37] 99) 133) 40 306] 65) 130) 266 
Summer,, 72] 150 109) 60 66, 45) 260) 83) 55) 47; 1031117 410) 192) 115, 113) 185 
Autumn,, 48] 67 197) 28, 69) 1249) 42| 110°177, 34) 57) 134] 90 177) 374) 62! 126) 258 
Winter, | 23] 15 313, 22) 84) 26) 33 279) 25) 79) 134) 49, 48) 592] 47) 163) 250 
Potal, 184] 289 792 135, 292) 4379 150) 502, 672! 154! 240, 522) 334. 791, 1464) 289) 532) 959 


The cumulus is the prevalent cloud of summer, the stratus is 
most common throughout the remainder of the year. 

The following table exhibits the average cloudiness of the dif- 
ferent mouths, according to seven years’ observations. 0 repre- 
sents a sky perfectly clear, 10 entirely overcast. For compari- 
son I have added the results of three years’ observations at 
Cambridge, and two years’ at Greenwich. 


| 
| 


March, 68, 66]51/)56) 66 59164) 65 | 
April, 155159158 159156) 57/165 5-4 | 
May, 55) 59!) 52) 60 66 | 
June, 157) 59152 46/57) 50] 62 60) 
July, 14-9 53] 4-4 | 42] 42] 36] 73 | 76 | 
August, 52); 58 163 | 63 | 5-7 | 55] 61 | 55 
September, 52156153 | 51) 51) | 65 | 
October, 39166 7-4 | 
November, | | 56) 45] 8-0 | 71 | 
December, (86 |84163 | 64/67) 59] 71) 71 
January, 77 (77149) 56) 54) 44) 77 | 72] 
|ebruary, 74171450] 54 | 56] 86 | 71 | 


? 
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The following table exhibits the same observations arranged 


by seasons. 


‘Spring, 
Summer, 
Antumn, 
Winter, 
Year, 66 52 | 54 | 5G | 


We perceive that the cloudiness of Hudson is much greater 
than that of Hanover or Cambridge, at every season of the year. 
It is greater than that of Greenwich in winter, and is but slightly 
inferior for the remainder of the year. 

From Dec. 14, 1839, to Jan. 15, 1840, a period of 33 days, 
the sky was not free from clouds in a single instance at a regular 
hour of observation. From Aug. 10, 1844, to Sept. 14, a yee 
of 36 days, the same was true ; and from July 27 to Sept. 14, : 
period of 50 days, the sky was cloudless but once ba a regular 
hour of observation. From Nov. 23, 1841, to Dec. 31, a period of 
39 days, the sky was never cloudless ; and from Oct. 29 to Dec. 
31,a period of 64 days, the sky was cloudless but once ata 
regular hour of observation, and during this period, the obscura- 
tion was generally total. It will be remembered that the sky 
is called cloudless, when the clouds cover less than one tenth 
of the visible heavens. Of all the places with which I am ac- 
quainted, Hudson is during the winter months the most cloudy. 


RAIN. 


The following table shows the amount of rain for each month 
of four years, and the average for seven years. ‘The numbers 
for 9 a.m. show the amount fallen since the preceding 3 P.M. 


1341 1812 1844 Average 7 years 
2611 -170 oll 1-020 
164 


6-740 26-224) 9-830 20-727] 6-009 26-419) 9°: ‘3112 


603 


) 
) 
) 
] 
24° 


| g Cambridge. ~Greenwi 
| 62 | 
6:5 | 6-4 
i'l 
7°] 
6°9 6-7 | 
Months | 
tal. | 
IMareh, 273) 
April, 324 
May, | 1-490) 1-148) 1-375) 4-027) -515) 2-186] -536, 9-722 
June, L716 1375 2170 POL 5-246 4-000 3-409 ( 374) 
jAug 1350 2543 1-963) 1-333) 4-721) 1-666 1°37 
Oct 2336 1-593) 1-300; 1-644 2 -7) 
Nov 2-235) 1-302 1-609) -790 0} [ 
Dec 2090) 1-029 1-086 1-187, 1-595 550) 1-536 10) 
Jan G 1-700) 
lYear, | 
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The following table shows the average fall of rain for the dif- 
ferent seasons. 


9 A.M 3 P.M. Sum 
Spring, 1-924 8-319 
Summer, 8-010 2894 10°904 
Autumn, 5:°324 2-078 7°402 
Winter, 4:485 1-669 6:154 


The following table shows the amount of snow in inches for 
each month of the seven years. 


Months 1838-39. 1842 43 1843-44., 1814-45.) Mean. | 
October, (35; 25) 10 | 
November, 17:5 | 9 | 3° 13: | i 
December, | 5:5 12> (16 | 9 | 75,25) 9 | 88 
January, |8 5 | 55!) 7 | | 
February, 35) 17:5 7:5 8:5, 7:4 | 
March, | 3 |14-5 | 6: 65 26: | 86 | 
April, | | 0-5 1 | 13 | 
Yer, 34° 37° (52:5 | 49:529-5 | 62-542-4 | 


March 7, 1841, seven inches of snow lay on the ground ; March 
13, 6°5 inches of new snow fell, and during the two or three sub- 
sequent days there was a slight increase, making thirteen inches 
on the ground at one time, the greatest depth I have ever seen in 
Hudson. It is said to have been the deepest snow known since 
Feb. 1818, when it was about twenty inches on a level. In 
Dec. 1811, the snow is said to have fallen two feet deep. 

The following are all the instances in which an inch of rain has 
fallen in 24 hours. 

Dat Amount. Time ' Date Amount Time. 
1842, Feb. 4, 1:564 18 hours. |1843, June 5, 1:940 12 hours. 

9, 24 Aug. 17, 1095 5 

30, 1491 18 « | 458 

“« 1649 2 * ite * 

Aug. 26, 1662 6 (|1844, June 2, 1285 9 

9.503 24 « | 7, 1248* 5 « 

“ Sept. 3, 1285 3 « | “ Sept. 29, 1092 24 « 

1085 18 


wey on 
Aug. 28, 2°779 27 


* Of this quantity, -935 inch fell in about fifteen minutes. 
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Arr. V.—On the Physical Geology of the United States cast 
of the Rocky Mountains, and on some of the Causes affecting 
the Sedimentary Formations of the Earth; by Witutam W. 
Maruer, Professor of Natural Sciences in the Ohio University, 
Athens, Ohio. 


(Continued from page 20 of this volume.) 


iT II. On the Causes of Elevation of the Sedimentary Rocks above 

the Level of the Sea. 

In the first part of this paper, I have treated very concisely of 
the effects that would flow from the refrigeration of the earth as 
a heated body, and the influence of the rays of the sun in produ- 
cing, maintaining and occasionally modifying the great equilibra- 
ting currents of the ocean, that, by their long continued action, 
have caused the transport and deposition of the materials of the 
sedimentary rocks of the United States. 

It is now purposed to treat of the causes by which these rocks 
may have been raised above the level of the sea. 

The sedimentary rocks are generally found to contain an abun- 
dance of the remains of marine animals, so perfect, that we feel 
constrained to infer that they must have lived and died and been 
buried where we now find them. ‘Those rocks, often of great 
thickness, cover extensive areas of the earth’s surface, and must at 
some time have been the bed of the sea. Here the animals whose 
remains we find once lived, and their relics were buried beneath 


oceanic deposits, each of which was successively the bottom of 


the ocean. ‘The relative levels of the continents and of the 
ocean must have changed, and one of two conclusions follows, 
viz. the ocean must have sunk below its former level and exposed 
the land, or the continents have been raised and made to emerge 
from the ocean. 

It is not probable that there is less water on the surface of the 
earth at present than at any preceding time; for we know of no 
cause by which it could have disappeared, except by decompo- 
sition and its elements combining with other bodies ; and there 
is no body or class of bodies known that contains hydrogen sulli- 
cient in quantity, if converted into water, to cause an increased 
elevation of level of one foot, or even one inch, over the ocean. 
Hence we infer that the relative variations of the level of the 
ocean is not due to the disappearance of water. 
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The ocean being a fluid, maintains its equilibrium and retains 
its level, and we have no alternative but to admit, that the solid 
ground has been elevated above its former level, and also that 
the surface of the earth has not all the stability that is usually as- 
signed to it. 

These conclusions are conformable to observations during the 
historical epoch, and also to the philosophical deductions from 
known dynamical causes, and from the facts observed among the 
solid strata of the globe.* 

Various causes have been assigned for the elevation of land 
above the level of the sea, beneath which it was once buried, as 
follows, viz. 

Ist. Volcanic agency, by the aid of highly elastic steam and 
gases. 

2d. Unequal contraction of water and land by a diminution of 
the mean temperature of the earth. 

3d. An undulatory action of the fluid interior of the earth, com- 
bined with a lateral tangential force. 

Ath. The contraction of the earth by secular refrigeration, and 
the solid exterior collapsing upon the fluid interior, and being too 


large to embrace it closely, causes plications and bending of the 
strata, depressing some parts below the general level, and eleva- 


ting others by lateral thrust. 

The first of these causes, viz. that of volcanic action, may be 
considered as one of the effects of a more general cause, and to 
which the elevatory movements may also, independently, be as- 


cribed. 

The second, viz. that of unequal contraction of land and water 
by a diminished mean temperature of the earth, may be supposed 
to have a different result from that intended to be explained; be- 
cause, though water contracts more than solids for equal diminu- 
tions of temperature, yet the thickness of the solid part of the 


* The coast of Sweden is gradually rising above the level of the sea; that of 
Greenland is gradually sinking; the coast of Chili was suddenly elevated during 
an earthquake in 1822; the repeated elevation and subsidence of the Temple of 
Serapis, on the shore of the Mediterranean, are all considered well authenticated 
facts, and demonstrate these variations in the level of the land without the neces- 
sity of adducing any of the numerous and well known effects of volcanic agency 
in producing elevation and subsidence. From recent observations it is also ren- 
dered highly probable that an area of 4,000,000 square miles is gradually sinking 
lower and lower in the Pacific Ocean 
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globe may be supposed so much greater than the mean depth of 
the ocean, that the contraction of the solids would be greater than 
that of the water, so as to produce the effect of a rise of water 
with reference to the land. And again, for another reason, viz. 
the diminution of the temperature of the land and water inde- 
pendently of the consideration of the relative masses, through 
the whole range of temperature from boiling to freezing water, 
would be entirely inadequate to account for the apparent diminu- 
tion in the level of the ocean, even if its mean depth was much 
greater than it is. 

The third cause, viz. that of an undulatory motion of the fluid 
interior of the earth, combined with a lateral tangential force,* 
harmonizes with many of the facts that have been observed. It 
will be discussed in another place. 

The fourth cause, viz. that of the secular refrigeration of the 
globe, is that usually adopted, and it seems to accord and harmo- 
nize with the facts known. 

The numerous investigations on the temperature of the earth 
at the various depths to which man has penetrated by mining, 
and by boring for salt wells and Artesian springs in different 
countries, have established the fact, that the earth becomes 
warmer as the depth increases, at the rate of one degree of Fah- 
renheit’s thermometer for forty-five to sixty-five feet in depth. 
If the temperature increases in the same proportion toward the 
centre of the earth,t the rocks at no great distance below the sur- 
face would be in a melted state. 

The form of the earth is also found to be such as would be the 
form of equilibrium of a fluid body revolving with the velocity of 
the earth. 

The varied mathematical researches of Cordier, Fourier, Pois- 
son and Svanberg upon the refrigeration of heated bodies, the 
temperature of the earth and of space, tend to show that the earth 
is in acooling state, and that it radiates into space more caloric 
than it receives from the sun, although it has reached what may 
be called an asymptotic condition. 

M. Fourier has shown that the radiation of the earth must have 
been such in times past as to reduce the temperature of the exte- 


* Vide Prof. Rogers's paper, Transactions of the Association of American Geol- 
ogists and Naturalists, Vol. I. 
t It really increases more rapidly at increased depths 
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rior more rapidly than the interior, and that this external diminu- 
tion has nearly reached its limit, so that the caloric radiated by the 
earth exceeds that derived from the sun and from space by a 
quantity sufficient to melt about three metres in depth (about ten 
feet) in one hundred years.* This diminution of temperature 
would progress most rapidly in a decreasing ratio up to a certain 
limit, after which the internal temperature would begin to dimin- 
ish most rapidly, while the exterior remained nearly uniform. 

Three reasons may be adduced why the interior should di- 
minish more in temperature after the above-mentioned limit is 
passed, viz. 

Ist. The more imperfect conducting power of the solid exte- 
rior, than the carrying power of the fluid interior. 

2d. The solid exterior having parted with a portion of its ca- 
loric, serves to conduct merely the excess of interior heat to the 
exterior, whence it radiates into space ; and this quantity radiated 
and conducted is nearly uniform, and maintains a temperature 
nearly uniform in the exterior crust of the globe, while the inte- 
rior may undergo great variations. 

3d. The surface from which the radiation takes place, is greater 
than the surface of any contained spherical mass from which it 
draws its caloric for radiation. 

The earth is in a state of nearly uniform exterior temperature 
so far as internal heat is concerned, and while the exterior solid 
part of the earth undergoes little change in its bulk from loss of 
temperature, the interior is gradually diminishing, causing col- 
lapse of the solid exterior upon the fluid interior; and in conse- 
quence of this solid part being too large to embrace the nucleus 
closely, elevation of islands, mountains and continents in some 
parts, and subsidence to a still greater extent in other parts, would 
seem to be the necessary consequences. 

In the other case, where the crust or exterior solid part cooled 
and shrunk most rapidly, it may reasonably be supposed to have 
cracked open in fissures, and the subjacent fluid to have risen in 
the fissures to a height inversely proportioned to its density, as 
water does in the cracks of ice. This supposition, which seems 
a necessary result from the known laws of nature, harmonizes 


* Baron Fourier, Annales de Chimie et de Physique; also a translation of 


a part of the above memoir in the American Journal of Science, Vol. xxx11, 


pp- 1-19 
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with the abundance of trappean and other unstratified rocks, the 
quartz and other veins, and their effects in producing metamor- 
phic changes on the adjacent masses, during the epochs of the 
earlier fossiliferous deposits. 

We may admit that the earth is in the state of a cooling body, 
far warmer in its inean temperature on its surface than the re- 
gions of space in which it moves around the sun, although long, 
very long periods of time make no appreciable difference in its 
mean temperature.* 

If the earth be a cooling body, it must have diminished in 
volume, in obedience to the law that bodies contract by diminished 
temperature, and expand by heat. 

If the earth has diminished in volume, it has increased in its 
velocity of rotation, (in obedience to a well known dynamical 
law.) This would tend to shorten the length of the day, and it 
has been shown by La Place, that for two thousand years at least 
the length of the day, or of a revolution of the earth on its axis, 
has not varied ,!, of a centesimal second.t 

It might here be said that this is sufficient evidence that the 
earth has not contracted, and that no geological effects have been 
produced, dependent on such a cause. 

It may be said in answer : 

Ist. 'The rate of cooling and consequent contraction is extreme- 
ly slow, and long periods would be required to make it manifest. 

2d. The effects of the contraction in the production of currents 
in the ocean, and the sedimentary deposits from them, and the 
effects on the rocks themselves, lead to the conclusion that the 
changes of volume were parorysmal rather than secular; that 
a gradually accumulating tension was finally overcome by a 
sudden yielding of the solid strata, producing earthquakes and un- 
dulations of the surface, an increased velocity of rotation on the 
earth’s axis, an increased flow of the equilibrating currents of 


* The Baron Fourier has given the following as the Jaw of the diminishing tem- 
perature of the earth. The diminution is equal to the present mean temperature 
divided by double the number of centuries since the cooling process commenced. 
He concludes that since the time of the Greek school at Alexandria, the mean 


temperature has not varied from loss of radiant heat z49 of the Centigrade ( sto 
Fahrenheit’s) thermometer.—.4m. Jour. Sci. Vol. XXXII, p. 16 

t This conclusion was deduced by calculating backwards the times of eclipses 
that were registered in Ptolemy's Almagest, and observed in the time of Hip- 


parchus. 
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the ocean in consequence of the inertia and increased centrifugal 
force, requiring an increased protuberance in the spheroidal form 
of the earth to restore the form of equilibrium to the revolving 
spheroid. 

The changes in the times of rotation of the earth being sup- 
posed paroxysmal, occurring at particular periods of time, and 
none of these having occurred during the historical epoch, (unless 
the time of the deluge was one of them,) the argument from the 
fact that the length of the day has not varied for two thousand 
years loses all its force, and cannot be adduced in opposition to 
the views here advocated. 

3d. It is well known that the angular velocities of a revolving 
spherical body under varied diameters, are inversely proportioned 
to the squares of the radii,* so that if the earth be a cooling body, 


* Vide M. Poisson’s Mecanique, second edition, Tome II, p. 460, and Ameri- 
can Journal of Science, Vol. xvi, p. 344-3406. 
The angular velocity ofa revolving body is represented by the well known formula 
o= S(mr2)? (Young's Mechanics, American edition, p. 193,) which is equal to 
the moment of applied force divided by the moment of inertia. Y(mr2)=mik2, 
(Young’s Mechanics, Am. ed., p. 190,) in which k represents the radius of gyra- 
MRo 
tion, and m the mass of the revolving body. By substitution w= aka” In the re- 
volving sphere with a variable radius, the quantity of matter remaining constant 


1 2 
M=m, and as R and v are constants, oo [2° In the sphere k2 = ~r2 .-. wa — 
5 r2 
1 


/ 


. or the angular velocities vary inversely as the squares 


2 
of the radii. 

If the variable density due to variable volume be considered, the law of the an- 
gular velocities being inversely as the squares of the radii still holds true; for, in 


the sphere mk2 = 5193 X- r2 when the density is unity. When the density is 


« 


Calling D’ the 


density in the second place and the corresponding radius = 
D'x< 
15 
Ma D x—. Butthe mass being constant, the densities are inversely proportioned 
To 


D 


to their volumes, or —. Substituting this value, we obtain ——=—xX and 
? V w! \ ’ 


5 


r 
W 
w 


by substituting for V and V’ their values in terms of the radii, we obtain 


This last d trati y i d 
Wiel ss (This last demonstration was communicated by 


Lieut. Roberts, Assistant Professor of Natural Philosophy, West Point, N. Y.) 


T3 
r'3 


D, the moment of inertia is—=D x 3X and 
3 5 px rs 
1S 
ri2 
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and if it has diminished in volume, it must have increased in its 
velocity of rotation, and produced greater velocities in the great 
equilibrating currents of the ocean. 

M. Pontecoulant, after going into an analytical investigation of 
the disturbing action of the sun, moon and planets upon the earth, 
deduces the conclusion that the action of those bodies upon the 
terrestrial spheroid will never produce any appreciable displace- 
ment in the position of its poles on its surface, nor any sensible 
variation in the quickness and uniformity of its motion of diurnal 
rotation, which, he remarks, are important results and insure for- 
ever the stability of terrestrial latitudes, and invariability in the 
length of the day.* 

The equation of the mean dayt reduced to time, estimating the 
circumference as equal to one day, amounts to a period of only a 
few minutes in several millions of years, and it is unnecessary 
for astronomers, says La Place, to notice it.t 

M. Poisson in his Mechanics, speaking of the diminution of the 
volume of the earth and of the shortening of the day, says, “A 
diminution due to this cause of one ten millionth part of a day, 
would suppose a decrease of one twenty millionth part of the length 
of the radius; and as we are certain that the day has not experi- 
enced this diminution for twenty-five hundred years, it follows that 
the mean radius of the earth has not varied three metres during 
this long interval of time by the effect of cooling, if the mean tem- 
perature of the earth has not yet arrived at a permanent state.”$ 

So far as I have ascertained, philosophers have not considered 
the effect of centrifugal force, by an increased velocity of rotation 
of the earth. In an article in the American Journal of Science, 
Vol. xtvi, pp. 344-346, on the possible variation in the length of 
the day, I suggested that there might be compensating forces 
that would tend to maintain the time of rotation uniform, and 
the day unchanged in length, even if the earth be undergoing a 
slight change in its dimensions, either secularly or paroxysmally. 


* Pontecoulant, Théorie Analytique du Systéme du Monde, T. II, p. 224. 


t The formula for calculating this is given by La Place, and the value above 
mentioned, when calculated approximatively by a method indicated in the Mecan- 
ique Celeste, (Bowditch’s translation, Vol. I, pp- 855 and 867, 3152 b to f,) gives 
a variation of about one centesimal second in a thousand years 


t Mecanique Celeste, translated by Bowditch, Vol. II, p. 867 
§ Poisson's Mecanique, T. II, 460. 
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The centrifugal force is one of these compensating causes. It 
varies inversely as the cubes of the radii* of a sphere whose vol- 
ume varies while its mass remains constant, but the angular ve- 
locities vary inversely as the squares of the radii; hence, if the 
earth should contract in volume, the velocity of rotation would 
necessarily increase in obedience to the Jaw of conservation of 
areas; but the centrifugal force would be increased in a still 
higher ratio, and would cause a flow of water from the polar to- 
wards the equatorial regions to give the form of the spheroid of 
equilibrium, and would thus tend to diminish the increase of 
velocity due to contraction. 

It necessarily follows from what precedes, that the argument 
in reference to the day having remained uniform for twenty five 
hundred years, has not as much weight as has been assigned to 
it, and ought not to be adduced as demonstrating that the earth 
is not in the state of acooling body, or that it has not diminished 
in volume, or that no geological effects can be ascribed to this 
cause. 

Even if it be admitted that the uniformity in the length of the 
day for twenty five hundred years should have weight and ren- 
der it improbable that there has been any contradiction during 
that time, and if in addition we discard even the compensating 
effect of increased centrifugal force in tending to maintain uni- 
formity in the length of the day; yet the period of twenty five 
hundred years may be considered as only the differential of the 
long periods of past duration, during which the geological effects 
we have contemplated were produced. 

Still another argument may be adduced, viz. that the variations 
in the rapidity of rotation took place paroxysmally, at certain pe- 
riods, generally at long intervals of time, and that none of these 
variations have occurred during the historical epoch, unless the 
time of the deluge was one of them. 


? 
r2° but F: —:— Hence 
t2 r4 rit r3 
3s: 72:r'2 
the centrifugal forces represented by F and F’ vary inversely as the cubes of the 


radii, and the increment of centrifugal force F —F/=I ~ would tend con- 


unually to diminish © by increasing r, and there by tend to make t (which repre- 
sents the time of rotation) constant—(Communicated by Prof. A. Ryors, of the 
Ohio University.) 
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The evidences that the periods of variation in the angular ve- 
locity of the earth were paroxysmal are threefold, viz. 

Ist. The strata of sedimentary rocks show alternations of strata, 
entirely different in composition and texture, lying directly con- 
tiguous upon each other, with no intermediate blending of their 
materials ; as for example, a bed of fine slate or of limestone, 
which must have been formed in nearly tranquil water, is imme- 
diately succeeded by a coarse sandstone or a conglomerate, which 
must have required a strong current to transport its fragments, 
and currents of variable velocities would be a necessary result of 
paroxysmal changes in the volume of the earth. 

2d. Local examples have been observed where the strata that 
had been formed up to a certain period, (as, for example, that of 
the Helderberg limestone,) have been broken up and turned on 
their edges over a large area; and succeeding this, a period of 
repose supervened, during which rocks were deposited in nearly 
horizontal strata unconformably on the upturned edges of those 
in the disturbed district, while the same strata were deposited 
conformably in the adjoining undisturbed districts, with no rocks 
of intermediate age intervening. In both cases the rocks are of 
the same kinds, have the same characters, and contain the same 
fossils. 

3d. The folded axes of the mountain chains of the eastern 
parts of the Uuited States, in which the strata have been eleva- 
ted in wrinkles and folds, all of which, when elevated at a high 
angle, have fallen over in a westward direction, giving an east- 
wardly dip. Paroxysmal elevation and the action of inertia, of- 
fer a satisfactory explanation of the folded axes and eastwardly 
dip. Had the elevation been secular, like that of the coast of 
Sweden, (where it has been perceptible only in a long course of 
years until in 1843, when there was a sudden though moderate 
elevation,) the difference in the linear velocities at the different 
distances to which the masses were elevated in the course of ages, 
would be too small to cause the inertia to produce any sensible 
effects ; but in the other case, suppose the sudden elevation of a 
mountain mass one mile in height, or more distant from the axis 
of rotation than it was before its elevation. It would still retain 
the linear velocity it had when a mile nearer the axis of rotation, 
while the proper linear velocity at this increased distance would 
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had before its elevation. Inertia, therefore, would cause the mass 
at the top, to press to the westward with a force proportional to 
its mass, and the above mentioned velocity, and at intermediate 
heights with a proportionably less momentum. If the strata be 
capable of yielding, they must, when elevated in highly curved 
wrinkles, tend to fall over to the westward, as a consequence of 
the influence of inertia and the revolution of the earth from W. 
to KE. on its axis. 

We have reason to believe, both from the action of natural 
laws and from observation, that the aggregate amount of subsi- 
dence, or of contraction of the mass of the earth, at least equals, 
if it does not exceed the amount of elevation above former water 
levels. ‘The evidences above adduced of variable currents de- 
positing strata of various textures and composition ; of conform- 
able and unconformable strata of the same ages; and the influ- 
ence of inertia and the rotation of the earth producing the fold- 
ed axes with an eastwardly dip, all tend to render it more than 
probable, that the secondary causes of the phenomena were parox- 
ysmal rather than secular, and that they occurred at distant in- 
tervals of time, with long periods of comparative repose. 

It has already been remarked, there are no evidences known, 
that there has been more water upon the surface of the earth at 
any preceding time than at present.* It follows from the various 
facts known, that the relative levels of the land and water have 
changed and the land must have been elevated, or the bed of the 
ocean must have sunk, or that both these effects have been more 
or less extensively produced. 

The only causes to which we can ascribe such relative chan- 
ges of level that have not yet been considered, are, 

ist. Some subterranean force tending to elevate parts of the 
earth’s surface. 

2d. The collapse of the crust of the globe by a secular refrige- 
ration upon its contracted nucleus, causing depression in some parts 
and elevation in others.t The powerful lateral thrust, that would 
be caused by a subsidence of the solidified crust upon a contracted 
nucleus which it is too large to envelope closely, would cause 
an elevation of some parts, with wrinkles and plications of the 
Strata, and may be supposed to be amply sufficient to elevate 


* See p. 284, ante t See p. 287. 
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mountains, mountain chains and continents, and produce all the 
phenomena of contortion, wrinkling, folding and crushing of the 
strata, that are so strikingly exhibited in the eastern parts of the 
United States. 

That both the causes above stated have acted in times past, 
and will continue in time to come, can scarcely be doubted. 
The phenomena of both these causes necessarily follow from the 
refrigeration of the globe. Subsidence of parts of the earth’s crust 
may, and probably have caused extensive elevation of others; 
but we know of no other cause that could produce this effect, 
except the fractured crust permitting water to penetrate to the 
heated interior of the earth, to generate steam sufficient in ten- 
sion and quantity to effect the results observed; and we know 
not how the crust could be fractured except by contraction, and 
by collapse upon the contracted nucleus. 

That some portions of the crust of the globe have been suc- 
cessively elevated and depressed, is beyond all doubt. Numer- 
ous instances have been observed during the historical epoch,* but 
the geological evidences of similar facts on a large scale, are as 
strong as if they had come under the direct observation of man. 

That the elevation of one part was accompanied in times past 
by depression in others is probable theoretically, and we know 
that such facts have occurred paroxysmally during the historical 
era, asin the case of the Ullah Bund. Similar effects are now in 
progress secularly, as the coast of Sweden, which is gradually 
rising, and has been for a long period; the coast of Greenland, 

* A few examples may be adduced for illustration. 

Ist. An island in the Mississippi, and a large extent of the swamp near New 
Madrid, sunk during an earthquake in the year 1811. The Mississippi flows over the 
former site of the island, and the sunken portion of the swamp is now a lake 

2d. In the year 1819, a tract of land of about two thousand square miles near the 
mouth of the Indus at Sindrea sunk below the level of the sea, and an adjoining 
tract fifty miles long, called the Ullah Bund, was raised about ten feet above its 
former level. 

3d. In the year 1692, the town of Port Royal in Jamaica sunk during an earth- 
quake. The ships in the harbor floated from their anchorage and drifted over the 
site of the town, which remains permanently submerged. The part of the town 
where the quay was located sunk several hundred feet. 

4th. In 1638, the town of Euphemia in Calabria sunk during an earthquake 
A lake occupies its site. 

5th. The coast of Chili in South America was elevated suddenly during an 
earthquake in 1822, over an extent of two hundred miles in length and forty or 
fifty miles in breadth into the interior. At one place some distance back from the 
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which is stated to be gradually sinking ; a large area in the Pa- 
cific which is reported to be gradually sinking. ‘The evidences 
of subsidence are not as easily obtained as those of elevation, 
because we must look for them beneath the level of the sea. 

Still another cause of variation in the relative levels of land 
and sea may be adduced, though it may have had little real in- 
fluence in the production of the effects observed. Any diminu- 
tion in the volume of the earth resulting from secular refrigera- 
tion of the globe, would increase the velocity of rotation on its 
axis, and increase the centrifugal force in a higher ratio than the 
angular velocity. Any such increase would tend to draw off wa- 
ter from the polar regions to increase the oblateness of the sphe- 
roidal form of the earth necessary to give the form of equilibrium 
under these new conditions; and if the crust of the earth be too 
rigid to yield to the same force, land that was before buried be- 
neath the polar seas would emerge above their level ; and dry land 
would be submerged in the equatorial regions. 

If on the other hand the solid materials forming the crust of 
the globe be not too rigid to yield to this force,* the effects of the 
centrifugal force cannot be allowed to have had so great an influ- 
ence in the relative levels of land and water as would be due to the 
other case, in which the crust of the globe was supposed to be 
rigid and unyielding. 

Another point bearing upon the elevation of land may be con- 
sidered in this place. 


coast, the surface was raised forty or fifty feet, so that a stream was made to flow 
in an Opposite direction. 

6th. The repeated elevation and depression of the coast of the Mediterranean 
around the Temple of Serapis is considered as an established fact. 

7th. In 1843, there was a sudden elevation of the coast of Sweden. It was 
called a sinking of the waters of the Baltic ; but as the adjoining coasts of Nor- 
way, Russia and Denmark, have not changed their water level with regard to the 
coast, and the waters of these coasts communicate freely, the fact cannot be ex- 
plained exec pt by the elevation of the land During the year 1242, the waters of 
the Baltic were observed to be sinking, and on the 4th of May. 1243, a sudden 
change of level occurred, so that the steamer that was to have left the port of Trave- 
munde on the 18th, was detained until the 2lst. Shoals and rocks never before 
known, made their appearance on the 8. W. coast of Sweden, near the Maelstrom, 
in 1843. (Am. Journal of Science, Vol. xtvit, p. 184-185.) 

*It may be inferred that they are not too unyielding to be influenced by this 
force in const quence of the contortions, plications and foldings of the strata that 
have becn observed on so many parts of the earth, which have been produced by 
other forces more powerful ; yet this may be supposed sufficient to bend the crust 
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It has been shown that the centrifugal forces vary inversely 
as the cubes of the radii. It is also well known that bodies of 
different densities are affected by the centrifugal force in proportion 
to their densities. As the solid materials of the globe are more 
dense than water, they would be more influenced by variations in 
the centrifugal force in proportion to their specific gravities ; and 
as the centrifugal force is greatest under the equator, any diffused 
subterranean forces that may exist, and that tend to elevate por- 
tions of the earth’s surface by their elastic tension, would be most 
effective under the equator, where gravity is less, and the cen- 
trifugal force greater than on any other portion of the earth’s 
surface. 

May not this cause have had some influence in producing the 
heights of mountains under the equator? It is well known that 
the highest are within or near the tropics, and that most of the 
highest in Africa and South America are almost under the equator. 

Again, the influence of an increased velocity of rotation of the 
earth, would tend to make the polar regions flatten, and the equa- 
torial regions become still more protuberant. Lines of fracture 
might be expected in the direction of small circles parallel to the 
equator, at a distance intermediate between the poles and the 
equator, where the curvature resulting from such a change of form 
would be the greatest.* 

Ranges of mountains mostly of primary rocks, do, in fact, al- 
most encircle the globe between 40° and 50° of north latitude, 
and in North America the strike is, in many parts, nearly E. and W. 
The great fractures seem to have been made nearly in this di- 
rection, even where the strike is different. The highest peaks 
of the Rocky Mountains, so far as is known, are in about 40° of 
north latitude; those of northeast New York and the White 
Mountains of New Hampshire about 44°; the ranges of the 
Pyrenees, the Alps, the Apennines, and the Carpathian Moun- 
tains in Europe are between 4U° and 50°; the Caucasus Moun- 
tains, the ‘Taurus Mountains, the Hindoo Koo Mountains, and 
the Ihian Chan Mountains in Asia, are among the most elevated 
on the globe and are found between 35° and 45° north latitude, 
and have a trend nearly E. and W. 


* Other fractures in the directions of meridians might be « xpected if the earth 
increased in its equatorial diameter. 
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In the southern hemisphere we do not find indications of such 
extensive upheaving action in the same parallels of latitude. 
The southern coast of New Holland, New Zealand, the Vulcan 
Mountains in South America, the Snow Mountains near the Cape 
of Good Hope, and a few islands lying between 30° and 50° 
south latitude, might be adduced as affording some degree of ac- 
cordance with what has been noticed in the northern hemisphere. 

Any considerable increase in the velocity of rotation of the 
globe on its axis, would first tend to bury the equatorial regions 
beneath the ocean, in consequence of the water obeying imme- 
diately the impulse of centrifugal force ; while the crust of the 
globe, if not too rigid, would gradually yield to the influence of 
the same force until the form of equilibrium due to the new con- 
ditions should be restored. The flattening of the polar regions 
and the increased equatorial diameter would tend to make the 
strata press towards the equator and produce not only fractures at 
intermediate points as before alluded to, but also to elevate them 
along the lines of fracture above the level of the sea. 

The elevation of islands, mountain chains, and continents, and 
subsidence of other parts beneath the level of the sea, seem to be 
the necessary and legitimate consequences of the secular refrig- 
eration of the earth. 

Profs. Rogers in April, 1840, stated to the Association of Ame- 
rican Geologists, as one of the results of their labors in Pennsyl- 
vania and Virginia, that the mountain region of those states con- 
tained numerous examples of folded stratification in which the 
strata had been arched, and finally folded over in one direction. 
The under part of each fold had its strata reversed in relative 
position from that in which they were formed, and also reversed 
in superposition when compared with the upper part of the folded 
mass. ‘This almost surpasses credibility, but it has been found 
to be very generally true in the most disturbed parts of the prin- 
cipal axis from Carolina to Vermont, and is now admitted, I be- 
lieve, by all who have investigated the facts. 

These folded and reversed strata all dip to the E. 8. E. and 
S. E., usually at high angles. This fact of the strata dipping to 
the eastward, and apparently pitching under the primary rocks 
was long a stumbling block, and led to various mistakes in the 
relative ages of the sedimentary rocks. The broken up, crushed 
and folded strata, were supposed to be far older than the same 
rocks which were undisturbed. 
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Profs. Wm. B. and H. D. Rogers in their paper on the physical 
structure of the Apalachian chain of mountains* ascribe the 
elevation of that chain to an undulation of the fluid interior of 
the earth, combined with a lateral tangential force. 

The whole range of mountainous country from Alabama 
through Tennessee, Virginia, Maryland, Pennsylvania, New Jer- 
sey, New York, and thence to Canada, has evidently been subject 
to an elevatory action, combined with a lateral or tangential force, 
that has elevated, broken, crushed, and plicated the strata, and in 
many places has folded them over, and reversed rocky strata of 
great thickness that were formerly horizontal rocks and formed 
beneath the ocean. Farther west, the plications and undulations 
become more and more gentle, until their angles of inclination 
become insensible to the eye. 

On the east of the axis of principal disturbance, the primary 
and metamorphic rocks are also much broken and disturbed, and 
many of the sedimentary strata along the lines of disturbance 
have been much altered and modified in their aspect, structure, 
and mineral characters, by masses and veins of intrusive rocks. 

Their explanation of the tangential force that has acted over 
so great an extent in the eastern parts of the United States is in- 
genious.t If it be true, the tangential force must have acted in 
every direction from that part of the earth’s surface where the 
oscillations began, in the directions of the ares of great circles 
radiating from an axis passing through the origin of the disturb- 
ance. The “ axis planes” also of the folded strata, will be found 
to dip inwards towards the same axis; and the crests of the fold- 
ed strata will all point outwards. ‘These would be necessary re- 
sults of an undulatory wave-like reciprocating motion flowing 
outwards from a centre, and a knowledge of this will aid in test- 
ing the truth of the theory of Profs. Rogers. 

I will here offer another explanation of the folded strata dipping 
to the S. E., showing the possibility of another cause for a tan- 
gential force, in addition to that arising from collapse of the crust 
of the globe by refrigeration, and it seems to harmonize with the 
facts observed among the disturbed strata of the United States. 

* Transactions of the Association of American Geologists, 1840—1742, pp. 474 
t The Profs. Rogers refer the whole effects to oscillatory earthquake motion. 


Vide memoir, Trans. Assoc. Am. Geologists, 1840—1842, p. 517 
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It has already been mentioned that these folded and disturbed 
strata extend from Canada on the N. through the Atlantic moun- 
tain region to Alabama on the S., a distance of at least one thou- 
sand miles. ‘The cause of the disturbance has acted repeatedly 
along the same axis, producing the same effects, raising the solid 
massive strata of the globe into great undulations, crumpling, 
crushing, and pitching them over in some instances in mountain 
masses of folded strata, so as to give them all an eastwardly dip 
in the easternmost ranges. Where the strata are not folded, they 
are often broken by enormous longitudinal, transverse, and lateral 
faults.* These facts, together with contortions, crushed strata, 
the glazed and shivered slates, and the polished surfaces of fis- 
sures, lead to the conclusion that lateral motion has been pro- 
duced by some cause. It may be conceded that a cause acting 
over so great an area may have been general, rather than local. 

The phenomena of the earth being in the state of a cooling 
body, that cooling bodies diminish in volume, that bodies revolv- 
ing on axes if diminished in volume and retaining the same 
quantity of matter increase in angular velocity, that the conse- 
quent increased centrifugal force would increase the oblateness of 
the spheriodal form of the earth, and the mobility of water would 
induce a flow of water from the polar to the equatorial regions 
to restore the form of equilibrium, have been considered in the 
preceding pages. ‘The same cause of increased velocity of rota- 
tion would tend to produce similar results in the solid strata of 
the globe, if they be capable of yielding to such a force. That 
they can yield to such force is probable, from the fact, that the 
general form of the solid part of the globe, is the form of equi- 
librium of a body like the earth, revolving with its present velocity. 

If the earth has at any time become more oblate in consequence 
of increased angular velocity, inertia would tend to make the 
solid matter of the exterior of the globe press to the westward, 
with a force dependent on its mass and its increased distance from 
the axis of rotation; and if there were lines at which motion 
could take place, slight motion might thus be expected to have 
been produced, and effects on the rocky strata, such as those 
mentioned, would be the necessary results. 


* Vide Geology of Ist Dist. New York, by W. W. Mather, and Rogers’ Geo- 
logical Report of New Jersey, and various geological papers. 
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If such motion has been produced, changes of longitude of 
masses of the earth’s crust must have been effected, such as 
we trace evidences of in the wrinkled, crushed, crumpled, and 
folded strata, which, if laid out or developed in a mathematical 
sense, would occupy much wider areas than they do at the present 
time. 

As the strata were elevated in wrinkles, the upper extremities 
being more remote from the axis of motion of the earth, the tops 
of the wrinkles would tend by the action of inertia to fall over 
to the westward,* and give a general eastwardly dip to all the 
strata that were highly elevated, such as we see to be almost 
constantly the case along that belt of mountainous country ex- 
tending from Canada to Alabama. 

If a motion to the westward be produced by the tangential 
force due to inertia, both from increased oblateness and from the 
elevation of folds, the effect would be a maximum at the equator, 
and be less and less as the latitudes increased. ‘The effect would 
be to produce a strike to the E. of N. in the northern hemisphere 
and to the E. of S. in the southern hemisphere. Along the 
eartern part of the United States this conformity exists. ‘The 
explanation above offered to account for the disturbed and folded 
strata with an E. 8. E. and S. E. dip, a N. N. E. strike, anda 
lateral tangential force, seems plausible to the writer. It is based 
on the known laws of nature, it is sufficient to explain the phe- 
nomena in question, and as far as observations have been made 
in the United States it is believed to conform to facts. 

The causes that may be supposed to have produced the eleva- 
tion of islands and continents above the level of the sea, beneath 
which they were once buried ; the inclination, contortion, wrink- 
ling, folding and crushing of strata; the elevation of mountain 
chains in former times; the gradual changes of level with refer- 
ence to the sea which have been and still are in progress on parts 
of the earth’s surface, have been briefly considered ; and notwith- 
standing the great variety of causes that have been assigned, 
such as volcanic action, undulatory motion of a fluid interior, the 
expansive force of elastic vapors, tangential forces by collapse 
upon a nucleus contracted by refrigeration, unequal contraction 
of land and water by refrigeration, and the effects of inertia and 
increased centrifugal force as influencing the ocean and the solid 


* The reason for this is illustrated on pages 202, 293, ante 
peg 
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strata of the globe, they may all, together with the phenomena 
of volcanic action, earthquakes, metamorphic action, the trans- 


port of the materials and the deposition of the sedimentary rocks, 


the great currents of the ocean, the distribution of fossiliferous 
organic life, the various derangements of the strata, and most of 
the phenomena of geology, be referred to the secuLAR REFRIGER- 
ATION OF THE EARTH, combined with the effects of gravitation, 
inertia, and the rotation of the earth on its axis. 

The effects of these causes can be traced in imperishable 
characters in the solid strata of the globe through unknown ages 
of past duration, and the same causes may be expected to con- 
tinue to act through all future time. 


Art. VI.—Description of the Solar Index, a new Magnetical 
Instrument; by Conant. 


Tue “Solar Index” is the name I give to an instrument which 
I have recently contrived, the object of which is when attached 
to the surveyor’s compass to show at any place the variation of 
the magnetic from the true meridian ; consequently enabling the 
surveyor or engineer with very little trouble to take his courses 
from the true north and south. 

An instrument for this purpose, of simple construction, appears 
to have been for a long time a desideratum. And several forms 
at different times and by different individuals have been tried and 
abandoned, or obtained but very limited use. The simplicity of 
this, and the mode of using it, as well as the accuracy of the re- 
sults it affords, seem to indicate a greater degree of utility; and 
induce me to send a description of the instrument, accompanied 
by its delineation, for publication in the American Journal of 
Science ; adding that [ du not design to restrict the manufacture 
and sale of it by means of a patent, but on the contrary wish it 
to be considered a free contribution to the arts. 

The material of the instrument, except one or two pieces, is 
brass. A, is its base, which is fixed to the base of the compass by 
a single screw from underneath, having a milled head and of a 
size equal to those by which the sight vanes are usually attached 
tothe compass. One edge of this base is concave, so as to fit the 
circular box of the compass on the outside. B, is a horizontal 
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axis, turning in the uprights C and D. The end of this axis 
passing through D, has a screw cut upon it, and receives a nut F 
with two milled heads, which serves to fasten the axis in any 
position by bringing its shoulder firmly against the upright D. 
This nut, where it presses the upright D, should have a less diam- 
eter than this shoulder; that in being tightened it may not turn 
the axis. ‘The other end of this axis is conical ; and the upright C 
which receives it, presses hardly upon it, which prevents its be- 
coming loose on wearing. ‘These uprights are fastened to the 
base A, by screws underneath. HE, is a tube screwing into one 
end of the horizontal axis B, and receiving the equatorial axis 
PQR, to which, on the part PQ, a smail quadrant GHLI is at- 
tached. ‘This equatorial axis passes at right angles through the 
horizontal axis into the tube EX, where it turns smoothly, admit- 
ting an equatorial motion to the bar K. The lower extremity of 
this tube is boxed with block tin, and the equatorial axis passes 
into it with a slight taper; thus affording the means of receiving 
the requisite degree of tightness to sustain the quadrant and its 
attaches in any position, while its own motion is sufficiently free. 
The cylindrical portion of this axis is about ,'; part of an inch 
longer than the tube will receive; that, on wearing, it may grad- 
ually sink into the tube and move there without play. <A pivot 
soldered fast to the back of the bar K, in the common point of 
meeting of the medium line of this bar and that of the arm LM, 
passes through the centre of the quadrant and through the equa- 
torial axis ; where it turns freely, as the extremity of this arm 
moves along the limb H, and shows the various positions of the 
bar K, with respect to the equatorial axis. This pivot, which is 
slightly tapering towards the back of the instrument, has there a 
screw cut upon it, and receives a nut with a milled head, by 
which the requisite degree of tightness is obtained. This pivot 
is so large as to have the proper degree of tightness when the 
back of the bar K is about ;'; part of an inch distant from the 
face of the quadrant; and the arm LM, near its junction with 
the bar K, is slightly bent towards the face of the quadrant, so as 
to give a light pressure to the extremity of it upon the limb of 
the quadrant. 

Attached to the arm LM, is a small spirit level; and it is fur- 
nished at its extremity with a vernier, by means of which it may 
be adjusted to any desirable position upon the limb H of the 
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quadrant ; and its position is secured by a screw at the back, 
like that of the common quadrant. 

In the piece N is a convex lens, which brings the sun’s rays to 
a focus upon the piece O, through which a hole is made of about 
; of an inch diameter. ‘The sun’s focal diameter upon this 
piece being a little larger, causes a fine, bright ring of light to 
appear about the border of this hole, when the instrument is 
properly adjusted. ‘The lens is fixed at a proper distance from 
the piece O, and this piece at a proper height above the edge of 
the bar K, by means of screws; the particular mode of doing 
which will be understood at once from fig. 2. 

The quadrant, or more properly, the septant, is divided into 
degrees and halves, from 0 to 70°; O being upon the equatorial 
axis. At 35° is placed another 0, and 10 and 20 at the corres- 
ponding number of degrees distant upon each side of it. The 
purpose of this last series of numbers is, the greater convenience 
in making the adjustment for the sun’s declination. The vernier 
is divided each way from the centre into 15 equal parts, which 
embrace an extent equal to 14 of the half degrees upon the limb 
of the quadrant ; by this means the vernier is capable of measur- 
ing an arc of 2’ on the limb. When the central line of division 
or 0 of the vernier, is upon the 0 of declination, or at 35° from 
the 0 on the equatorial axis, the bar K is at right angles to this 
axis. 

The quadrant is attached to the equatorial axis by three screws 
at the back, and the spirit level to the arm LM by two. ‘The holes 
through this arm and the equatorial axis are about ;'; of an inch 
larger in diameter than the screws, and the heads of the screws 
set down square over them. I ought, however, to except that 
screw of the level nearest the bar K, the head of which is sunk, 
to allow a free motion over the radii GI. By this device it is 
easy to give the quadrant and level a proper adjustment. 

The compass being placed firmly upon its tripod, with the base 
A fixed in its place and turned towards the south in a clear day, 
adjust the 0 on the vernier of the index to a distance upon the 
quadrant from 0 on the equatorial axis, equal to the latitude of 
the place, and put the equatorial axis into the tube E; level the 
compass either by means of the levels upon it, or in defect of 
them, as nearly as may be by the eye, and bring the plane of the 
quadrant into a position perpendicular to the horizon ; loosen the 
screw F’, and give to the tube a position which will bring the bubble 
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of the spirit level on the arm LM into the middle of the opening, 
and fix it in this position by again tightening the screw F. Now 


give the compass a slow motion upon the tripod, and observe if 


this bubble maintain its position ; if so, this adjustmeut is properly 
made ; if not, repeat the latter part of the process; and in turn- 
ing the compass, move the quadrant also a trifle upon the equato- 
rial axis till the adjustment be well made. Fix now the 0 of the 
vernier to a distance from the 0 on the middle of the quadrant, 
equal to the declination of the sun at noon at the given place on 
the day of observation, above this 0, if the declination be north, 
but below it if it be south; turn the quadrant and compass so as 
to allow the sun’s rays to pass through the lens and fall upon the 
piece O, when the sun is on the meridian; and adjust this piece 
in such a manner that the focal area of the sun shall overlap the 
area of the aperture in the piece, and form a fine, even ring about 
its edge. It will be well to test this adjustment on several days. 
When this has been done and the piece O firmly fastened by its 
screw, no further adjustments will be requisite except for different 
latitudes and declinations ; and these can be easily effected by the 
surveyor or engineer in a very few minutes. The correct adjust- 
ments, indeed, of the base A, the quadrant, and level upon the 
arm LL.M, the tube with regard to the horizontal axis B, the lens, 
and the piece O, all belong to the manufacturer. How the piece 
O is adjusted I have already described. I will soon show in 
what manner the surveyor or engineer may make or test for him- 
self these other adjustments. At present I will state how the in- 
strument should be used for the purpose designated. 

On any day when the sun shines, let the compass with the 
index attached be leveled, and the adjustments made for the lat- 
itude of the place, and the sun’s declination for the hour; turn 
the compass with the index till the sun shines through the lens 
and forms a ring about the aperture in O; and the north and south 
points on the horizon of the compass will be in the true meridian, 
and the variation of the needle be seen at once. If observations 
at different times in the forenoon and afternoon give the same 
variations* at one and the same place, it is proof that all the ad- 
justments have been well made. 

In a survey of no great extent no new adjustments will be 
necessary for change of latitude ; and if the ¢ime occupied in the 


* Or nearly ; see first note following. 
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survey does not extend beyond two or three hours, no alteration 
of adjustment will in general be requisite for change of de- 
clination. 

An hour or two about the middle of the forenoon and afternoon 
are the times most favorable to the greatest degree of accuracy in 
these observations. When the sun is near the horizon, the re- 
fraction of his rays may produce an error of several minutes in 
the result; and when he is near the meridian, a small error in 
any of the adjustments is the more likely to affect the accuracy 
of the result; but less in both these cases than can be estimated 
by compasses In general use. 

It would be very convenient to havea level placed upon the 
base A, underneath and parallel with the horizontal axis B; 
though it can be dispensed with. 

A compass with a horizon accurately graduated and furnished 
with a vernier capable of measuring an arc of one or two minutes, 
will, with this index attached, afford the means of making very 
accurate surveys. Let all parts of the support of the compass be 
strong and well made; and let not any little difliculties which 
always attend the first trials of a new instrument, create doubts 
as to its complete success. For a very little practice will show 
the exceeding simplicity of its structure, and the facility and ac- 
curacy with which it operates. 

And I wish here to impress upon surveyors and engineers the 
importance of noting all their courses from the true meridian ; 
and of adding, in all their reports of surveys, the variation of the 
needle. I know this is already the practice of certain individuals 
among them; but were the practice general it would put an end 
toa multitude of mistakes, and arrest in some portions of our 
country a large amount of litigation, which has arisen from the 
difficulty of finding the fluctuations of variation in individual 
surveys. ‘These fluctuations are mainly owing* to the proximity 
of iron ores, and occur much more frequently in surveys than I 
formerly apprehended.t 


"I say main/y ; the influence of the sun upon the needle causes its declination 
from the meridian to be greater by 13! to 15’ at 3 o’clock p.m. than at 8 o'clock 
A.M., in the summer; and 3! to 10’ greater in winter 

t And I have no doubt that cases like the following, reported by Capt. Scoresby, 
are frequent at sea, and if not guarded against produce serious disasters In sail- 
ing down the British Channel, he observed the variation of the needle to be 2° or 
3° greater than in sailing up it in the same ship, which he attributed to the improper 


lading of the ship 
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Size of the several parts of the Instrument. 


Length of the horizontal axis B, , ‘ . 3} inches. 
Diameter of the square part of this axis, 
Height of this axis above the base A, “ 
Length of the tube E, si the diameter of the 

Width of the C ona D, 
Thickness of these and of the base A, . : — * 
Radius of the quadrant, (to the middle of the limb, ) 3 _ - 
Breadth of the radii G and I at the limb, R ‘ . « 

Focal length of the lens, 7 - 
Diameter of the lens, 1 
Distance of the lens from the centre of the quedeant,  * 
Width of the bar K, ‘ 
Diameter of its pivot, 


The arm LM of the same w idth with the ber K, 
where it branches from it; but narrows a lit- 
tle toward the vernier. 

The vernier in my instrument is of silver, and sol- 
dered firmly upon the extremity of the arm 
LM, which is shaped so as to receive it. 

Thickness of the bar K and of the arm LM, a trifle 


less than * 
Length of the spirit level upon the arm, . a 
Diameter of the cylindrical portion of the cquaesiil 

Diameter of do. at R, * 


That portion of this axis which receives s the quadrant i is } an 
inch wide at the centre of the quadrant, and .°; of an inch at Q. 
It is first made 7, of aninch thick, and receives the quadrant im- 
bedded into one side of it about ,'; of an oes it is then filed 
off on the opposite side till it is left about ; of an inch thick. 

These dimensions afford an instrument of very proper and 
convenient size; which will be found of easy construction, and 
little liable to get out of order. It can be snugly packed ina 


box about half the size required for the compass,—the equatorial 
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axis and its appendages in one department, the base and parts 
connected with it in another. When applied to other instruments 
than the compass, this index may be made of any size thought 
proper; but I would advise to have the same relative proportion 
of parts maintained. 


Of the Adjustments. 


Fig. 3 is an adjuster; which is simply a piece of smooth sheet 
copper or brass, 8 inches long and 4 wide at the top.* Over the 
centre of the hole S, are drawn the very fine lines TU, VW, at 
right angles. X, isasmall weight or plumb, suspended by a 
fine black hair fastened in a cut in the lower edge of the hole §. 
At the foot of the line TU, is another cut. 

X being suspended by its hair on the side of the plate shown 
in the figure, let the bar K with its appendages be taken from 
the quadrant, and placing its pivot in the hole 8, made just large 
enough to receive it, move the arm LM till the 0 on the vernier 
shall be on the line VW, and here make it fast by the screw at 
the back; then fix the whole in such a position that the hair 
shall hang freely by the side of the plate and directly over the 
line ‘TU; adjust the level upon the arm LM, so that the air bub- 
ble shall rest truly in the middle of the opening, and fix it per- 
manently in this position by means of its screws. 

Y and Z, are pieces of block tin or brass, } of an inch thick, 
fitting on to the equatorial axis ; the piece Y near the quadrant, and 
Z near the extremity R. A fine line is drawn upon the edges of 
these pieces ‘over the central section of the holes. 

Let these pieces be placed upon the equatorial axis, with their 
marked edges in a plane with the face of the quadrant ; take the 
plate fig. 3 and fix the hair in the cuts at S and U, on the side of 
the plate as seen in the figure, and placing the hole § to the 
centre of the quadrant, put the pivot of the bar K in its place 
with the arm LM opposite the quadrant, and bring the slit 7 under 
the screw head 5 and make the hair truly parallel with the lines 
upon the pieces Y and Z, and secure this position by tightening 
the screw ; then adjust the quadrant so that the 0 of the equato- 
rial axis shall appear exactly under this hair, and make it fast in 
this position. A good eye will enable one to get this parallelism 


* But drawn here, for the sake of convenience, of a size re latively too small 
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and make this adjustment very accurately. During the process 
it will be important to keep the hair well stretched. 

The manufacturer should take care to have the plane of the 
face of the quadrant parallel to the central line of the cylindrical 
portion of the equatorial axis. If the central line of the pivot 
should not meet with the central line of the cylindrical portion of 
this axis, the preceding adjustment will remove that source of error. 

The central line of the horizontal axis B should be parallel 
with the base A of the instrument; and a fine line should be 
drawn upon the top of each of the uprights C and D, in direction 
of the axis and directly over its central section. Also a fine line 
should be drawn at right angles to the face B, over the centre of 
the hole near Q, which receives the equatorial axis; as likewise 
across the hole at the extremity R of the tube. By means of 
these it will be easy to know if the tube is at right angles to the 
axis, and if not to bring it into this position. 

Let the base A be put upon the base of the compass on the 
side of the box opposite the spirit levels, or, if the compass has a 
vernier on the side opposite the levels, remove the levels and 
place the base there, confining it by its appropriate screw. Re- 
moving the glass from the compass, fix it at a convenient height 
with the plane of its horizon perpendicular with the horizon of 
the place, so that facing it and suspending the plumb X by its hair 
directly in front of it and as little distant as practicable, the hair 
when still shall appear at one view to pass over the east and west 
points of division ; then if the plumb be brought before the ends 
of the uprights C and D, and the hair appear at one view to pass 
exactly over the fine lines drawn upon them, the base A will be 
in its right position. But if both of these do not disappear at 
one view behind the hair, alter the position of A, and proceed as 
before, till the right adjustment of the base shall be effected ; the 
horizontal axis B will then be parallel with the line joining the 
east and west points on the horizon of the compass. Let a mark 
be made on the base of the compass corresponding with one made 
on the edge of A. By means of these alone the base A can 
ever after be placed and fixed in its proper position; and there 
will be no further occasion for removing the glass to accomplish it. 


Framingham, Mass., July 12, 1845 
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Art. VIL-——A Report to the Navy Department of the United 
States on American Coals, applicable to Steam Navigation 
and to other purposes ; by Prof. Waiter R. Jounson. 


Tue area of the various coal basins embraced within the terri- 
tory of the United States, is probably greater than that of any 
other of the civilized nations of the earth. Since the application 
of steam as a motive power, this mineral fuel has become an im- 
portant element of national prosperity, and within a few years 
has assumed a prominent position among the materials of national 
defence. As might be expected in so vast an extent of territory, 
a corresponding diversity of character exists in the coals of the 
United States. From the plumbaginous anthracites of Rhode 
Island and Massachusetts they shade off to the highest bituminous 
character. Common observation indicated a corresponding differ- 
ence in applicability, and to some extent in the calorific powers 
of the coal in these various conditions. Chemical analysis had 
in some instances shown their elementary differences. But no 
systematic and authoritative examination, of a kind from which 
general practical inferences might be deduced, had been performed 
up to the time at which the investigations embraced in this Re- 
port were commenced. Such examinations, highly important to 
individual interests, were absolutely necessary in a national point 
of view. ‘The steam vessels of the Navy are exposed to the per- 
formance of various duties, in the course of which it is often 
necessary to replenish their exhausted fuel at different stations. 
The best informed engineer would be often embarrassed in his 
operations by the difference in the character of the coals he would 
find at these stations, and thus endanger the success of the best 
concerted cruise or system of operations. This is peculiarly liable 
to occur in the coast service of the United States. Along the 
northern and eastern Atlantic coast the anthracites are most used, 
while in the Gulf of Mexico the bituminous coals of the Missis- 
sippi valley must be depended upon. A long life of practical 
operations would not give the engineer the same facility of adapt- 
ing his engines to these differences, as he would be enabled to 
obtain by the study for a few weeks of such experiments as those 
detailed in this Report. 
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It is greatly to be regretted that this examination did not em- 
brace all the coals, or rather all the varieties of coals, with which 
our country abounds ; and also those which our steam-ships will 
be obliged to use whilst cruising on distant stations. But no 
blame for this defect can attach to the Department under whose 
direction these experiments were made. It availed itself of all 
the means that seemed justifiable to secure so desirable an object. 
Advertisements were ke}. standing for months in the most prom- 
inent papers of every part of the Union, inviting mine owners and 
others to forward samples for investigation to the Navy Yard at 
Washington, where the whole operation would be conducted free 
of expense to those furnishing the samples; whilst a sufficient 
supply of the foreign varieties found in our markets was purchased 
for comparative trials under the direction of the Department by 
Prof. Johnson. The most important deficiency that can be found 
in this respect is in the coals from the Mississippi valley. From 
the great Illinois and Missouri coal basin, covering an area proba- 
bly larger than the whole kingdom of France or Great Britain, 
a single sample was forwarded, whilst from that portion of the 
extensive basin of Pennsylvania, Virginia and Ohio that lies west 
of the Alleghany Mountains, an amount still less than from the 
former was obtained. Neither of these was in quantity sufficient 
to make a full series of experiments. We speak knowingly when 
we state, that the sample from the Illinois and Missouri basin 
(Cannelton, Ind.) was not a fair representation of the largest part 
of the coals furnished by these basins. ‘This deficiency is much 
to be regretted ; and if the results of the examination of the other 
coals embraced in this Report, be as important to the national 
interests as we believe they are, it calls loudly for a continuance 
of these experiments in such a manner as to Insure an investiga- 
tion of these western coals. 

What was done, was done thoroughly. The period occupied 
in the experiments and working up the results was about eighteen 
or twenty months. ‘The Report covers more than 600 pages of 
congressional documentary form, most of which is tabulated mat- 
ter. ‘The number of samples of coal experimented upon was 
forty one, viz. nine anthracite, twelve free burning or semi-bitu- 
minous, and nineteen bituminous,—to which may be added one 
sample of natural coke, two of artificial coke, two mixtures of 
anthracite and bituminous coals, and one of dry pine wood. ‘Twa 
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of the anthracites were from the Beaver Meadow mines, sent by 
the Beaver Meadow Railroad and Coal Company ; two from the 
same mines, procured by the Navy Department for the use of the 
Navy; one from the Lehigh Coal and Navigation Company’s 
mines, sent by the Company ; one from “ Lackawana,” sent by the 
Delaware and Hudson Canal Company ; one from “ Peach Moun- 
tain,” Schuylkill county, sent by the Delaware Coal Company 
of Philadelphia; one from Forest Improvement mines, Broad 
Mountain, Schuylkill county; and one from Lyken’s Valley 
Coal Company, Dauphin county,—all being from mines within 
the state of Pennsylvania. Of the semi-bituminous or free burn- 
ing class, six were from the coal field in the neighborhood of 
Cumberland, Maryland ; viz. one from Atkinson’s and Temple- 
man’s mine; one from Neff’s mines; two from Easby’s mine, 
called coal in stone; one from the New York and Maryland 
Mining Company; and one from a quantity of ‘“ Cumberland 
coal,” purchased for the use of the Navy. The first five were 
furnished by the proprietors of the mines. The six other semi- 
bituminous coals were from Pennsylvania, consisting of one from 
Karthaus, on the west branch of the Susquehanna; one from 
Cambria county, sent by J. Brotherline; one from Lycoming 
Creek, sent by A. McIntyre, near Ralston, Lycoming county; 
one from Blossburg, Tioga county, sent by the Arbon Coal Com- 
pany; one from Quin’s Run, Clinton county, sent by McDonald 
& Hollenback; and one from Dauphin and Susquehanna Coal 
Company, sent by Isaac Lea, Esq., of Philadelphia. Of the bitu- 
minous coals, eleven were from the coal fields in the vicinity of 
Richmond and Petersburg in Virginia, viz. five from the Midlo- 
thian mines, furnished by the Midlothian Coal Company ; one 
from the Deep Run mines of J. Barr, Esq.; one from the Tippe- 
canoe mines, P. D. & F. D. Osborne & Co., agents ; one from the 
Clover Hill Company; one from the Chesterfield Mining Com- 
pany, and one from the mines of Crouch & Snead. 

It will be observed that the whole of these coals were from the 
eastern slope of the Alleghanies. Besides these there were two 
other samples of bituminous coal from the Mississippi valley ; 
one from Cannelton, Indiana, from the American Cannel Coal 
Company, sent by James Boyd, Esq., and one from Pittsburg, 
Penn., sent by W. 'T. Hepp & Co., of New Orleans. 
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To the list of American coals should be added one sample of 
“natural coke,” from Tuckahoe, Virginia, sent by Messrs. Barr 
& Deaton ; one sample of artificial coke, made from the Midlo- 
thian coal that had been procured for the use of the Navy, and 
another sample made from Neff’s (Cumberland, Md.) coal,—be- 
sides which, as before remarked, the eflicacy of mixtures was 
tested by aseries of experiments; one mixture of one-fifth Mid- 
lothian and four-fifths Beaver Meadow, and another of one-fifth 
Cumberland (Md.) and four-fifths Beaver Meadow. 

The remaining six bituminous coals examined were foreign. 
Two of these were sent by Mr. Cunard, agent of the General 
Mining Association of London,—one of which was from Sidney, 
the other from Pictou, Nova Scotia. The other four samples of 
foreign coal consisted of one Scotch, one Newcastle, one Liver- 
pool and one Pictou, and were purchased by the order of the 
Department of Messrs. Laing & Randolph, extensive dealers in 
coal at New York. 

It will thus be seen that the various coals were obtained from 
those who could be depended upon as furnishing truly the article 
represented. ‘There appears to be no reason to doubt that the 
samples furnished were fair specimens of the various kinds of coal 
found in the market. 

The experiments for the evolution of practical results were per- 
formed in the Navy Yard at Washington City. The apparatus 
consisted of a double flue cylindrical boiler, thirty feet long and 
three and a half feet in diameter,—the flues being ten inches in 
diameter. A cistern whose cubic contents were carefully mea- 
sured, was placed above the boiler to maintain a proper supply of 
water, and by which the quantity of water evaporated during each 
experiment was determined. ‘The boiler was furnished with two 
safety valves of the simplest form, with the weights acting directly 
upon them. ‘These served to regulate the pressure of the steam 
generally, but it was measured by a manometer or mercurial 
gauge, carefully graduated, communicating with the steam in the 
boiler, but under such circumstances as to be free from the in- 
fluence of its temperature. The size of the grate and the area of 
the heating surfaces were all completely measured. The draft 
was determined by a syphon draft-gauge and other means. A 
register of the barometric, thermometric, and hygrometric con- 
dition of the atmosphere was constantly kept. A thermometer 
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was so disposed as to determine the temperature of the air as it 
entered the grate, after having been made, by the construction of 
the stack, to pass entirely around the two sides of the boiler and 
under the ash-pit and main fire-place. Other thermometers were 
so placed as to determine the temperature of the air and gases as 
they escaped into the chimney after combustion, that of the water 
in the supplying cistern, and that of the steam and water in the 
boiler. ‘The coals were measured and weighed in charges, that 
is, in a box containing exactly two cubic feet. Care was taken 
to reduce them all to the size best adapted to their combustion. 
They were charged regularly, so as to keep them as nearly as pos- 
sible in a uniform state on the grate. During the experiment a 
portion of each coal was carefully dried by means of an apparatus 
prepared for this purpose, to determine the amount of hygrometric 
moisture. The rate and manner of combustion were carefully 
observed, and the ashes, clinker, &c. weighed and preserved for 
subsequent analysis. By an arrangement exhibited in Plate II 
of the Report, a portion of the gases, atmospheric air, &c. of the 
chimney, after passing through the ignited fuel, was collected 
and analyzed. ‘The soot deposited on the sides of the flues and 
other passages was also collected, weighed, and submitted to the 
same chemical investigation. 

The air intended for the support of combustion entered an 
opening below the ash-pit, and passing thence through air cham- 
bers on each side of the boiler, so as to absorb the heat radiated 
from this body, entered the fire by a passage from the back of the 
stack, directly under the flue below the boiler. After traversing 
the fire, the gases and other products of combustion passed under 
the whole length of the boiler, returned through it by the two 
interior flues before mentioned, and communicated with one of 
the flues leading directly to the chimney. This however was 
susceptible of being closed by a damper, in which case the gases, 
&c. passed by another series of flues entirely around and outside 
of the boiler below the level of the water line, and then escaped 
into the chimney. By this latter arrangement, so perfect was the 
absorption of the heat generated by the fuel, that the gases on 
entering the chimney were rarely more than 60° or 70° hotter 
than the steam in the boiler, and often much less. 

One trial or set of observations generally occupied about twen- 
ty four hours. It was commenced by heating the water in the 
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boiler to a certain temperature (usually 230°) by means of a 
weighed quantity of dry pine wood. During this period no steam 
was allowed to escape. The coal was then substituted, after 
withdrawing and weighing the unburnt wood, and the process 
continued with coal alone to the end. ‘The ashes which the re- 
quired quantity of wood would give having been determined by 
other experiments, were deducted from the whole amount of res- 
idue left. 

The following table, extracted from the Report, will give some 
idea of the observations at each trial, their variety, and the care 
with which they were made. (See table on succeeding page 
316, 317.) 

The weight of coal consumed at each trial was generally from 
800 to 1200 pounds. Four trials were generally made upon each 
sample of coal. The mode of conducting the combustion was in 
some respects varied in the different trials, chiefly with a view of 
determining the influence of such changes or modifications upon 
the efliciency of the material. One important modification in ope- 
ration, which was introduced in the experiments upon almost 
every species of coal, and to which we have not yet referred, was 
the introduction of fresh atmospheric air to the gases immedi- 
ately behind the grate. ‘This was accomplished by placing in 
that part of the apparatus a perforated iron plate, through which 
the air from the ash-pit below could pass, and which could be 
closed by simply drawing over it another perforated iron plate. 
The effect of this modification in the manner of conducting the 
combustion is shown in the course of the experiments. 

The tables of daily trials made upon each coal are followed by 
another, in which all the most important facts, either of observa- 
tion or deduction, are clearly tabulated. No explanation in rela- 
tion to this table, within the limits we have assigned for this re- 
view, would be so satisfactory an exhibition of its character as the 
table itself; we therefore submit one selected at hazard. Some 
things in this table may possibly not be fully comprehended by 
mere inspection, but the limits of this review do not allow us to 
enter into an explanation of them. The Report itself does this 
fully upon every point, and we therefore must refer the reader to 
that document for such farther information as may be necessary. 
(See the table inserted on pages 318, 319.) 
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to 1 of coal, during said period, 7-629. 


ermometer 


t! 


M 


Third trial—upper damper 
7 


Height of barometer 


30°11 
30-09 
30-10 
30°10 
30°10 


30°10 


30°10 
30°11 
30°11 
30°11 
30°11 


30°11 
30°11 


30°10 
30-10 
30°10 
30°07 
30-08 
30-08 
30-06 


30°06 
| 
30-06 


30-05 | 


30°05 


| 30°05 


30 05 
30°05 
30-05 


30-06 


to 5h 


FOREST IMPROVE- 


on 


manome 


| 
= 
| = 
| be 
5 


0-349 | 7-06 0-13 
0-527 | 5°30 O20 
0-552 r05 OLS 
0-564 94 0-17 


O21 
534 
y28 O23 
532) 0°25 
y22 O34 


of water in tank 


it 


Weigl 


0°535 522 0-18 4215 
0-525 | 5°32) 0-18 |4530 
| 5°34, 0-17 4783 
0-527 | 5°30, 0-18 |5027 | 


0-497 | 5:58 O14 


0-348 | 7-07 (7567 


1 inches open; air 


3 of coal 


g 


tof charg 


| 104-00 


107-00 


10475 


111-00 


11500 


7 \ 101:50 


30m. p. M.— Th. 20m., embracing 14 


water to boiler, 


4,204 Ibs. ; 


water 


| 
| | | 
| 
| 5 | 
| en 
| 
| 
80 
81 
10503 | 554 0-20 | 164 
| 
| | 
gum | 0-512 | 5-45 0-20 
997) 83 0-521 104-25 
84 0-523 309 - 
229) 0-529 | 3 101 
298) 85 0-525 739 
229) So 0-539 | 100-25 
| 229° 86 0-524 | 5°33 0-22 |1249 | 
| | 230, 87 | 522 0-23 |1419 
| 
230 87 0-527 | 5°30 0-19 1674 | 
228, 88 0-521 | 536 0-18 2054 | 
231 83 0-542 | 515 OVO 2259 - 
| 230 87 0-530 | 527 0:16 2592 | 
88 0-537 | 520 019 3014 - | 
88 0-523 | 534 0-18 3334 - | 
89 0-523 | 5°34 0-18 (3589 | 11875 
SY 0530 | 5°27, O18 3839 - 
230 89 = 
930 89) | 
230 83) 
16 00 96 92 | 249 5 0-550 | 5°07 |5445 = 
| | | - 
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MENT ANTHRACITE. 


plates closed ; steam thrown out at back valve. 


is 
| = 
| % | 
| 3 
ls | 2 
| 
|= 3] Remarks.—Grate surface 14°07 square feet; length of cir- 
as ie cuit of heated air 121 feet; height of chimney 63 feet. 
if is 
> 
| | | 
- 174.6, 70 '—14 - |Water 0-12 inch below normal level; commenced firing ;} 
6:07'74-9| 72-5 423 | | fire in small furnace; two weights on safety valves; com-| 
| 637/756, 77 — 3 | | menced charging with cual at 64. 7m.; consumed 183% lbs. 
| = 1756) 7%6 |. 2 | of wood; water in boiler, 0°47 inch above normal level ;) 
- |753 78 ‘— 4 0:821| temperature 225° ; fire kindles slowly ; took at 7h. Om. the} 
| | second weights from valves; syphon rose to 0°30; steam 
} | | began to blow off; at 7h. 30mm. filled tank. | 
| - 77:5 - charge of this coal reduced to egg size, weighs 105 lbs. 
| 
| 830.7611 78 '— 5 | - |Kindling takes place slowly. 
- |761) 81 +17 0554 Wind S., light; hazy, sun shining occasionally. } 
| - |75°8) 82 27 0-434 Set upper damper to 4 inches at 9h. 35m. ; coal igniting more; 
| |766, 82 20 '1-791| freely. 
11010,76°3 101 | 22 (1-335 
| } 
- |77:2' 96 | 25 |1-367 
- 177-2108 30 0636 'Fire in small furnace extinct, and its damper closed; dew) 


| point, by observation, 74°. } 
17 22 1:351 Steam all thrown out at back valve. 


7611 

76:1:130 | 20 2-013 Commenced drawing gases from lower opening at 0h, 42m. ;| 
74:9 137 — ‘1-086, drew in 25 minutes 80 cubic inches, which gave 0°58 grain 
1307531435) 16 |1:764) water, 4:33 grains carbonic acid, and 8-018 cubic inches of 
| - (761155 18 2-236) oxygen; temperature at bath 87°; at Oh. 30m. Pp. M. wind 

= 14 |1695, N. W.; showery. 

300 77°8.171 9 1:351 Wind N. E., light; clear. 

i - 78:0,183 20 |1:324 Wind S.; dew point, by observation, 76°; by calculation, 
| at same place, 77° 3. } 
| - |775 194 | 25 |1:992 Eighth charge shows much earthy matter in partings, tech-) 
| nically called “ bony coal.” | 
41578-0204 | 20 (1669 Filled tank at 4h. 15m. P.M. 
76-6 224 18 '1:340 Cloudy ; wind F.., light. 
| 5°30)75°8 230 29 1-293 
- (78-4247 19 ;2°215 Contents of ash-pit thrown on grate; both valves double 
| weighted 
j 794290 |— 1 - | Water in boiler left at 1-6 inch above normal level. 
760156 | - {Water found 3-10 inches below normal level. | 


5°3}132 |Water in boiler adjusted. 


RESIDUA. 


Pounds 

Ashes behind bridge, - - - - - - 1-26 
Total, - - - - 76°51 
Total waste from coal, - - - - : - 73°946 
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Forty three similar tables contain the deductions relative to 
the various kinds of fuel assayed. Many very important facts 
are recorded in the tables of daily observations, applicable to the 
elucidation of questions indirectly involved in these experiments. 
Those relating to the expansion of water above 212° are particu- 
larly deserving of notice for the relation they bear to the causes 
of steam boiler explosions. The greatest care seems to have been 
taken to make the observations on this subject correct, as it was 
important to be able to determine the volume of the water at any 
given temperature that would correspond with the same quantity 
at the normal temperature, and to assure the observers that the 
boiler contained the same weight of water at the beginning and 
end of an experiment. 

These observations thus made, merely for the correcting of 
those on the weight of water supplied, and not under the influence 
of any theoretical views, are scarcely systematic enough for the 
establishment of a general law, but they lead strongly to the in- 
ference that a general law does exist for the expansion of water 
above 212°, and that the ratio of that expansion increases with a 
rapidity not generally suspected. It is a subject preéminently 
worthy of more careful investigation; and its importance in a 
practical point of view is not diminished by the fact that a part of 
the apparent dilatation is due to the constant admixture of steam, 
throughout the mass of water, while in ebullition. Assuming the 
general fact to be true, that water under high temperatures and 
pressures does expand in a rapidly increasing ratio, we have the 
means of solving some of the most serious difficulties attending 
the explanation of the causes of many disastrous steam boiler ex- 
plosions, and particularly those of the high pressure character, on 
our western waters. The following note from page 13 of the 
Report, will give a condensed view of the facts collected on the 
subject of expansion of water by heat. 

“The observations made on the gradual rise of temperature, 
and the correspondent weights of water which it took to fill the 
boiler, as much as the expansion by heat did, gave the following 
table. The weight of water operated on was 12,795 lbs. 


From 66° to 1144°, viz. 48°-5, the increase = bulk of 69 Ibs. at 58°, ur 1°42 Ibs. to 1° 


1144 to 149 “ 349-5, bed or 235 tol 
149 to 180 97 or 3:13 tol 
180 to 207 7 “ 86 * or 318 “ tol 
207 to 223 “ 16 “ 89 or 556 “ tol 


223 to 230 7 “ “ 71 « orl0-14 “ tol 


De 


b 
] 
t 
t 
I 
b 
\ 
C 
( 
4 
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‘This great increase in the rate of expansion of water above the 
boiling point, being nearly 7} times as great in the range of the 
last 7° as in the first stage of 40°, may probably possess some in- 
terest beyond that which attaches to it as a means of correcting 
the results of certain observations taken during this research. 
The subject has not, to my knowledge, attracted much attention 
among experimenters. It will be remarked, that this rapid aug- 
mentation of the rate of dilatation of water, in iron is not prevented 
by the conversion, at the same time, of a considerable quantity of 
water into steam of a high density.” 

A synoptical table of the character, composition and efficiency 
of each class of coals follows the tables relating to each member 
of that class. The following, relating to the bituminous coals of 
Virginia, near Richmond, we introduce also as the best means of 
exhibiting its object and importance. 


Synoptical view of the characters, composition, and efficiency, of Virginia bituminous coals. 


Ri) 210 46 72010" 5700 0-202 54-06" 363-718! 9-655 


Density Composition in 100 parts 
3s = | = | } } 
Designation of coals =| <= Zc ws le 
ue | = & |e 
fis == Zs | sie 
s Deep Run > 138286410 48 [5371 106159 42:126)1 735119 82) 67 958,78-433 10-475 
ich & Snead’s 1451 90°710, 36 59-976, 74°256 14-280, 
thian (900 feet shaft) av } | | | | 
ge coal 1°437, 87°497| 34 |50°518)0°5773 44-340 1°172/27 273] - |61:083,71°550 10-467 
k Company’s coal 41 1-450 60-300 68'872) 8°572)2 
r Hill, - (1285 42 49-250) 5145 96 31/66 163:10°132 
sterfield Mining Company, '1°239 5] 43 |45°549/0°5653 49-150} 1957/58 794 67'428) 8°634 
hian, averag 1-294) 42 [54-044 /0-6680 41 749! 14-737 
“a 140; 55 10010: 5360 49°670 1°841'34-165)0 9°374 
hian new uf }°325)82 S15! 147-899'0-5811 2-286 56 100'65°340 9°440 
l 
l 


= 
= 


390186855) 15 [54-468 [0-627 1 41-125)1-014 128-736 14-138 


combustible matter. 


3-435 
2°499 
2-239 
OF 32 
1:793 
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Synoptical Table, (continued.) 


Action of furnace during steady . 
g 
pressure Evaporation 


Combustion. 


Mean temperature 


, during 


ove that 


height, in inches 


Designation of 


cu 


arriving at 


eres, above a 


r, ON arriving at grate. 


ren 


Gained 


Draught 


Barr’s Deep Run, {5072-75 3.7 -600 7-992'999-87/328 163-02 
7 3.8576) 199-66) 


Crouch & Snead’s, 
Midlothian (900 fee 
shaft) average coal, 3417 75, 114°90)0°36 

3-595 276°49|337-89 196-76 114°14)0-318 


5°43 340 362°51)/ 3024 297-95 


28 113-72) 0-299) 1-166 
02141516) 1 
Tippecanoe 7-369 9-361 325-25 302°15,266°66 72:1 
Midloth. ‘ne 604 8°132 75-12) 2 
Midloth., screen 132 22.6°239 8-001 
Midlothian, ( | 

vard.) 14163 | | 


| 


Synoptical Table, ( continued.) 


Evaporation e from furnace. |¢, 


Steam, in pounds, cor Eifect 
rected for temperature air-plate 
of water in cistern, to 


ste 


Designatio 


of evapora 
,» from 100 « 


iker to total wa 


slone 


vic 


jOne of fuel, 


.\Clinker 


‘One cu 


Barr's Det p Run 
Crouch & Snead 7°29 ‘ + 92-990 — 6-202 
Midlothian (900 feet 


Four of these synoptical tables will be found in the Report. 
Prof. Johnson having in these experiments the most satisfactory 


means of determining the practical heating power of coal, was led 
to inquire whether the celebrated process of Berthier, by the re- 
duction of litharge, could be depended upon as a means of deter- 


299 
eels | > | | Watersup; 
S¢ Ip } 
| = |Pressure. | per hour > 
|= woo | ae >| 27 == 
| 3 | > we |S | =* = 4 
7|1°383) 1-421 6°222/907-11)14 
3 1°166/1-431 6°367/930-40 14-8 
Clover Hill 775°10, 89°56 6514452159) 5 
Ster! i Mining | 
137 6°461/909-74 144 
136 64416307 
126 6°291'663-5 
1196-188 S44 -35)13-460)2 
125 6°283 
j 
| 
" 
| tharg 
of coals ¢ = 5 Sh 
| = = = = &s 
11-073 04238 6-400 24620 
14°340 5-371 1752. 6000 
erage coal 7-499 9-611 + 702 € 2 
Clover H 6-7 675'347-44) 8 588 — 6.633 —25-979| 10-601 11512269622 
Chestert M g pany,|7 39) 9-806 + 1-62 1x9 069 4-189 C4628 10469257 
M thia ve 7°303 8°295/448-46! 9-741 4+ 0°152 61014 210 54 29 
lipp f $774 23, 7 +} { 723 4-034 LP 250 
M shal 7 665 8750418 61, 97 + 4+ 4 £4278 2F | 
Midlot 7 9-970) 4 171 + 03242 14-S0027°2 
Mi : : 1 
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mining analytically the same question. The facts resulting 
from these experiments are recorded in the two last columns of 
these synoptical tables. ‘They are collected in a tabulated form 
in other parts of the Report, and show unfortunately that im- 
plicit confidence cannot be placed in this process. 

The following extract indicates a much more plausible means 
of determining this question by analysis than that of Berthier or 
others, and is in every respect worthy the attention of experi- 
menters. 


“The comparisons which in the course of this Report I have been 
enabled to make between the practical steam-generating power of the 
combustible matter of several kinds of coal, and that derived from their 
ultimate analysis, and thence calculated from the quantity of carbon 
which they severally contain, enable me to offer at present the following 
cases illustrative of this subject. Should I be hereafter empowered to 
complete the series of researches so as to obtain ultimate analyses of all 
the coals which have been tested by evaporation, a mass of evidence 
would be accumulated, which might, in all probability, set the question 


finally at rest. 


Evaporative power Power calculated 

of 1 of combus from carbon as 

t itter y I bv ul- 
ming appa lV 

ratu 

Cambria county, Pennsylvania, - - })1°550 11-522 
Midlothian, (new shaft,) Virginia, - - 11-460 11-731 
Newcastle, England, - - 10°S98 10°545 
Clover Hill, Virginia, - - - 10537 10-445 
Scotch, - 10-206 10°393 
Indiana (Cannelton), - 9-509 
Mean, - 10-701 10°691 


“ Notwithstanding this very remarkable approximation (or, I may say, 
identity) of the two numbers in these six instances, | would not be under- 
stood as announcing the universality of the law that the weight of car- 
bon alone in coal is the only available element of its heating power. 
I only bring forward this number of facts, all tending in the same direc- 
tion, all in harmony with each other and with preéxisting experience, 
so far as any tolerable degree of exactness has been given to researches 
in relation to this subject. 

“‘In the works of European chemists, the calculated ‘ heating power’ 


of coals is ascertained by the numbers for hydrogen and carbon deter- 


** Heating powers derived from ultimate analyses of coals. 

| 
| 
4 
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mined by Despretz and Dulong. In Peclet’s work, Pennsylvania an- 
thracite has assigned to it a heating power represented by 7211° centi- 
grade, or 12980° Fahr.; Newcastle coal 7866° cent., or 14159° Fahr. 
Now, in practice, 8 kinds of Pennsylvania anthracite gave a mean 
evaporative power of 9°56, and Newcastle coal gave 8°66.”—p. 586. 

Evincing his habitual care in expressing an opinion, Professor 
J. hesitates to assert at once that the “carbon alone in the coal is 
the only available element of its heating power.” ‘This certainly 
indicates a degree of prudence worthy of imitation, and it is ear- 
nestly to be hoped that he may be empowered “ to complete the 
series of researches” on this as well as other subjects connected 
with this important material, coal. For it must be evident that 
the establishment of this law as unquestionable, is in the highest 
degree interesting. No other analytic process has yet been found 
satisfactory, and experiments on a practical scale require too much 
time and money to make them as these have been made under 
the direction of Prof. Johnson, to allow them to be undertaken on 
private account. 

With the view of showing the reader the manner in which 
Prof. Johnson treats that part of the subject which relates to the 
analysis of coals, we introduce the following extract, relating to 
the second specimen of the coals in the above table. 


“« Bituminous screened coal from the mines of the Midlothian Coal Com- 
pany’s ‘new shaft, Virginia. 


“‘ This sample was received and used in the lump form, which it re- 
tained with considerable force. Its fractures present a shining black 
resinous, searcely conchoidal aspect, with distinct lines of the lamine 
of deposition. It is mostly free from incrustations of earthy matter, but 
occasionally presents some shaly or pyritous portions. 

“The powder is of a light brown, indicating a pretty high degree of 
bituminousness ; and its streak is nearly of the same color. 

“The specific gravity of two specimens (a and 4) was found to be 
1:3495 and 1:3006, respectively ; the mean of which affords by calcu- 
lation the weight of one cubic foot of the coal in the solid state — 82°43 
pounds. 

‘« By thirty one trials in the charge-box, the mean weight per cubic 
foot was ascertained to be 47-899 pounds—the lowest result being 42°75, 
and the highest 54°125. Hence the actual is to the calculated weight 
as 0°5811 to 1. 

“The space required for the stowage of one gross ton is 46°769 cubic 
feet. 
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‘In the analysis of specimen a, the moisture was found to be 0°74 
per cent., and that of 4, 0-914 percent. In the steam-drying apparatus 
28 pounds lost in three days only three ounces, or 0°6696 per cent. 

* The sulphur in ’ was 2-282 per cent. 

** Of volatile matter, other than moisture, a had 34°72, and b 31:556 
per cent. 

“The coking took place with the emission of a beautiful brighffame. 
This indicated a large proportion of olefiant gas, and the absefiee of 
carbonic acid, or other incombustible gaseous matter. Two specimens 
tried by Dr. King gave a mean of 35°75 per cent. of volatile matter, in- 
cluding moisture. 

“The incineration of a produced 9°549, and that of 6 5°48 per cent. 
of the raw coal. Hence the composition of the two may be thus repre- 


sented: 


S| men a. Specimen b 
Moisture - : 0-740 0-914 
Sulphur - - - - (not tried.) 2°282 
Volatile combustible - - 34°720 29-274 
Earthy matter - . 9-549 5-480 
Fixed carbon - - - 54:99! 62-050 
100: 100 
Volatile to fixed combustible, 1: 1°584 1: 


“ The quantity of coal burned during the three trials of evaporative 
effect was 2918°5 pounds. 


The waste matter withdrawn consisted of— 


Ashes, (including pounds of wood ashes) - 175-25 pounds. 


Soot - - - 1400 « 
The ashes lost by re-incineration - ; 16-18 per cent. 


“ Reducing the ashes and soot in these proportions, and deducting 


the wood ashes, we have left 277°-4—1°932=275°473 pounds of abso- 
lutely incombustible matter, or 9°44 per cent. of the coal consumed. 


The trials in the large way show this coal to consist of— 


Moisture, from 28 pounds - - 0°6696 

Other volatile matter, from four specimens - - 33°4904 

Earthy residuum, from 2918°5 pounds - - 94400 

Fixed carbon, by difference - : - - 56°4000 
100: 

The volatile is, therefore, to the fixed combustible as 1: 1-684 
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The weight per cubic foot of the 
Ashes, was . - 56°65 pounds. 
Clinker - 30°12 os 


Soot - - - - - 5:46 


“The clinker is brown on the outside ; but on the fractured surfaces 
black, very compact, and heavy ; in sheets of considerable extent, man- 
ifestly very fusible, and tending to adhere to the grate. The highly 
ferruginous character which it presents, isin accordance with the large 
amount of sulphur which was detected in one of the specimens above 
analyzed. 

“The shaly portions embraced in the vitrified clinker are nearly ob- 
scured by the fusible coating which encloses them. 

* A portion of the specimen }, above analyzed, was subjected to 
treatment with the oxide of copper: 4°57 grains were thoroughly dried ; 
and the result of their treatment, with all the precautions required by 
the experiment, was of water 2-23, and carbonic acid 14°82 grains. 

* The earthy matter of the raw coal having been determined, as also 
the moisture, by previous experiments already detailed, it is easy to 
calculate the weight of earthy matter in 4°57 grains of dried coal to be 
0°25274 grain, which leaves of combustible matter 4:°31726 grains ; the 
hydrogen, by analysis, is 0°24777, the carbon 4:04182 grains; leaving 
for oxygen and azote only 0-02767, or the relation of these three 
their sum is— 

Carbon 99182 — 93-6200 — 15°60 C. in atoms. 

Hydrogen - 0.24777 — 5S 7391— 5 74H. 

Oxygen and azote 2.92787 = 0°6409— 0800. 


100: 
“In the raw coal, this analysis enables me to state that the ingredients 


are— 

Moisture - 0-914 
87634 
5-372 
0-600 
Earthy matter 5-480 


100° 


Carbon 
Hydrogen 
Oxygen and azote 


‘That the relative amounts of carbon and hydrogen were correctly 


determined in the preceding analysis, was rendered highly probable 
by the result of another trial, in which the apparatus became injured 


before the combustion was complete; but the ratio of the two products 


to each other was very nearly the same as in the preceding trial. ‘The 
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carbon was 1°2736 grain against hydrogen 0-07222 grain. As the sum 
of the hydrogen and oxygen is 5°972 per cent., and that of sulphur 
2-282, it is inferred that, in the volatile matter produced by the distilla- 
tion of this coal, there will be found 29-°274—5:972—23-302 per cent. 
of its carbon. If the heating power be calculated from the above 
analysis by the organic method, without taking account of the sulphur, 
and only deducting of the hydrogen so much as is equivalent to the 
oxygen present, we have the calorific power expressed by 14°596 ;* 
or in pounds of water from 212°, for 1 of coal, 14:171. This is far 
above the actual result of experiment. ‘The highest evaporative power, 
even when allowance was made for the heat expended on the products 
of combustion, as well as for that employed on the steam of the boiler, 
was but 1071915. ‘This will be evident from an inspection of the table 
of analyses of gases from the chimney.” —pp. 420-422. 

Interspersed throughout this portion of the Report are many 
other tables and observations of scarcely less importance, but 
which it is not in our power to introduce. At page 213 will be 
found a “Tabular view of the proximate composition of Welsh 
furnace coals,” with a general description of the exterior and other 
characters of these coals. This table is highly interesting from 
the facility it gives us of comparing these with American coals of 
similar constitution. 

At page 584 is a table showing the “ relative heating power of 
different bituminous coals as tested in making chain cable, com- 
pared with their evaporative powers.” ‘This embodies the results 
of a series of experiments made in the smith’s shops of the navy 
yard simultaneously with those performed to prove the evapora- 
tive powers of the several kinds of fuel. This is followed by 

* Thus the carbon is 0-87634 of the coal, (considering all that was collected in 
the potash tube as carbonic acid ;) and this multiplied by 12,906, (Dulong’s result 
for the heating power of carbon,) we have left 11,234 for the computed heating 
power of the carbon inthe coal. This divided by 1-030 gives the steam generating 


power to 1 of coal=10,955 Deducting one eighth of 0-600 (the oxygen) from 


5372, we get 


5297; and multiplying by 62,535, (the heating power of hydrogen,) 
we obtain 3312, and the sum of these is 14,596, as above. By deducting the 
moisture (0: GOU6 per cent.) and the aaste left in the third trial of this coal, (10-397 
percent.) we have the remainder 8%-933 per cent. of ¢ mmbustible matter, by which 
the total evaporative etiect 10-1915 must have been produced. Hence 10-1915+ 
0-e8933—=11-40)=—the evaporative power of the unit of matter a tually burned in 
that experiment. Again: as in the sample analyzed, the combustible part is 
the carbon is of 
that combustible; and 0-0362X 12005612083, the heating power of the carbon in 1 


of this combustible ; and, finally, 12083+-LO3U0=11-731l=its evaporative power 


328 Review of Prof. Johnson’s Report on American Coals. 


another table and remarks on the “average reductive powers of 
American and foreign coals as tested by litharge ;’—the ‘ foreign’ 
coals referred to consisting of anthracites, free-burning and bitu- 
minous coals of France, tested by M. Baudin. 

The details of the organic analysis of coal from Caseyville, Ky., 
and from the Osage River, Mo., are full and satisfactory, and 
serve to show the ordeal to which all the others would have been 
subjected, had time and other circumstances permitted. Unfor- 
tunately neither of these two coals was in quantities sullicient to 
be submitted to experiments under the boiler. 

Table CXC, exhibits the “ proportion of the several wasle ma- 
terials from the furnace compared with the weight of fuel burned, 
showing also the composition and density of each material.” The 
next table exhibits the “effect on the evaporative power of the 
unit of combustible matter, produced by closed and open air 


plates at the furnace bridge.” The next the “effect of open air 


plates on the rates of evaporation in the boiler when using differ- 
entkinds of coal.” But that one which we think the most interest- 
ing and original in its results is the table “ exhibiting the analysis, 
proportions, and heat-absorbing powers of gases from combustion.” 
"These analyses were frequently repeated, as will be seen by refer- 
ence to the column of remarks in the table of daily observations, 
and made during the progress of the combustion of the material in 
the grate, by drawing the gaseous products of that combustion 
directly from the flues. IT'rom the data thus obtained, and by a 
series of laborious calculations, based upon the best established 
coéflicients of the specific heat of the several products, the amount 
of the evaporative power of the fuel thus disposed of was calcu- 
lated. ‘This added to the amount rendered eflicieut in the gen- 
eration of steam, gives the “ total calculated evaporative power to L 
of fuel from 212°. Wecannot leave this subject without recom- 
mending this table to the careful study of those who may hereafter 
make experiments on this subject. With a well constructed fur- 
nace, stack, and chimney, and an apparatus not very complicated, 
the efliciency of a fuel disposed of in this way may be as satis- 
factorily determined as that which is spent in generating steam. 

The following short table we have constructed from Prof. J.’s 
remarks to convey an idea of the kind of information derivable 
from the experiments on gases just referred to: 
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Table exhibiting the per centage of volatile matter in the 
combustible part of several classes of coals, and the evaporative 
power of the same part, with the proportion which was expend- 
ed respectively on the boiler and on the gases passing to the 
chimney. 


le|z Evaporative power of 1} 


rin 100) = | partby weight of coal, | 


tnparison 


of each 


weight of com 


e matter in each kind 
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Kind of coal 


Applied to pr oduce use 
idl 


products of ex 
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made to det 
ful effect on the boiler 


1 Number of ar 
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1.Pennsylvania_ an- | 
thracites, .... |! 3 
2 Natural coke of Vir-| | | 
ginia, . 13-°75)18-46 
3. Maryland free burn- } 
ing bitumin’us coals,) 5 |15-80) 9°94 
4.Pennsylvania free | 
burning bituminous} | 
coals,....... | 4 117-01/13-35) 0-82 
5.Coke of Virginia | 
(Midlothian) coal, | 1 |17-15)16-54) 2-81 
6. Foreign bituminous, 3 |31-75! 814 2-16 | 
7. Virginia bituminous, 5 |36°63,10-74) 1-64 | 
S. Cannel. ..... 2 (39°37) 7-61) 2-80 


1-996 

| 

| 8-662) 1-517) 15-2 | 12-92 

12 1-738) 15: 13-09 
| 


9 1-470) 13-3 | 12-92 
| 

8-632} 1-193 

8-252) 1-756 

8-482) 1-746 

7-219) 1-501 


~ 


12:10 
11-18 
11-51 


9-73 


| 200 


If there be one peculiarity more striking than another in Prof. 
Johnson’s labors it is their wseful tendency. After invoking the 
most profound principles of natural and chemical philosophy for 
the investigations, the result is depicted in such a manner as to 
admit of application by the merest practical inquirer. It may 
perhaps, by persons who have not duly reflected on the matter, 
be charged against this, as we believe it has been against some 
reports on other subjects of a somewhat similar character, that he 
indulges too much in detail in the publication of his facts. This 
we think an unfounded charge, tending only to encourage a course 
of loose investigations, injurious to the rigid laws of truth. No 
man should undertake the investigation of any important subject 
without being thoroughly prepared in every respect ; but however 
conscious he may be of having made that preparation, he is bound 
to convince the rest of the scientific world of the fact before he 
can demand confidence in his deductions. Professor Johnson 
has, we think, very properly pursued this course. He presents 
a full description of the apparatus, of the subjects operated upon, 
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the daily and other observations of facts as they occurred and 
were originally recorded, with the formule by which the deduc- 
tions obtained from these facts were worked out. He who has 
any doubt of the correctness of these, has thus before him all the 
materials necessary to make his own calculations and deductions. 
There is no begging of confidence, no dogmatic assumption of 
superior knowledge, no mere enunciation of ex cathedra opinions. 

Table CC, exhibiting a synoptical view of the character and 
efliciency of the several coals, and table CCI, showing the ranks 
of the various coals according to the several practical characters, 
may be considered as the summation of the relation and useful 
properties of these different kinds of fuel, exhibited in the most 
distinct practical point of view. We shall present the entire of 
the former table, because it contains valuable information, to 
which those may refer who have not the Report. 


Table CCI is so arranged as to show the rank of the coals, 
Ist, as to relative weight; 2d, rapidity of ignition; 3d, complete- 
ness of combustion ; 4th, evaporative power under equal weights ; 
5th, evaporative power under equal bulks ; 6th, evaporative power 
of combustible matter; 7th, freedom from waste in burning; 
Sth, freedom from tendency to clinker; 9th, maximum evapora- 
tive power under given bulks; 10th, maximum rapidity of 
evaporation. 

These tables show that no one coal presents all the qualities 
necessary to place it at the head of every rank, and that therefore 
a judicious selection is necessary to secure such as may be re- 
quired for peculiar application. 
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The following classified view of twenty five varieties of coal 
has been derived from the table of ranks above mentioned, and 
may serve to indicate the practical value for steam navigation of 
the several classes. 


as = cus 
os wee 
Cla Names of suainples. =* 
coals 
| Sie? 
5 
{Cumber- Atkinson & 'Templeman’s, - - 1000 1000-282 | 828! 505 
land, (Md.) Easby’s coal in store, - - - 936! 916. 451) 658| 286 
burn- Easby & Smith's, - - 931 903 197 SN6 329 
ling, bitu- New York and Md. Mining Co.'s, 914} 927) 111) 677 376 
minous Neff’s, - - ‘ R82 906 133 877 298 
| Averages, - - - - | 932] 936) 235 785! 359 13248 | 
Beaver Meadow, slope 5, - - 923 1000) 722) WT 73834 | 
} Anthra- Forest Improvement, (Schuylkill, 940 955 741! 790! 150 [3576 | 
cites of |Peach Mountain, (Schuylkill,) 945 964; 198) 901 142 3150 | 
Pennsyl- Lackawana, - - 915, S844 i841. 779 187 3209 
ivania Lehigh, 835; 872); 555) 792 153 3207 | 
Averages, - - - . 911} 923! 5951 797 168 3395 | 
Free burn- Quin’s Run, - - - - - 960; 913) 458: 726 667 3724 | 
ing bitu- Blossburg, - - - - : 908 | 911 176 996 595 3586 | 
minous Dauphin and Susquehanna, - - 873 | 835, 171, 766, 602 3287 |} 
jcoals of Cambria County, - - - . 863] 860, 172 867 250 | 3012} 
Pennsyl- (Lycoming Creek, - - 833 | 87 184, 706 291 2585 | 
Averages, - | 887) 878) 232) 481 13299] 
Chesterfield Mining ¢ ompany, 726) 143 1000 427 3137 | 
ijHighly bi- Midlothian, - - - 836 | 722) 730; 388 2856 
tummous Creek ¢ ompany - 7387 692 136 981 299 25885 
leoals of Crouch & Snead’s, - - - 779 786) 112) 635 4131 2743 | 
iVirginia, ,Tippecanoe, - - 724, 618} 149| 875 376 2742 | 
Averages, - . 793. 144) 844) 384 12872 | 
| Newcastle, Eng., S09] 776 191 827, 3198 
\Foreign Pictou, (Cunard’s sample,) N. S., 792 | 733 97 | 928 5838 3143 | 
lbitumin- (Sidney, N. S8., - ‘ 747| 669 276) 764] 424 2880 | 
jous coals. Live rpool, 733 663 32: S57; SSI 3167 
Scotch, . - - - - 625 107) 847] 521 2749 | 
| 
Averages, - - - - 746 | 694 197 | 844] 526 3027 | 
| General Maryland free burning coals, 1000 1000) 880) 682 | 
le ofrel- Pennsylvania anthracites, - 977 936 1000} 893} 319 
jative val- Pennsylvania free burning bitu- | | | 
ues formed  minous, - - - 951° 938 390;1000; 914 
from the Virginia bituminous, - 850 242] 948] 730 | 
averages of Foreign bituminous, 801, 741, 331 | 948} 1000 | 
each class | | 


From the above scale it appears that in evaporative power under 
equal weights, the Cumberland class surpasses the anthracites by 
about 2°3 per cent., and under equal bulks, by 1-4 per cent. ‘They 
also surpass the foreign bituminous coals 20 per cent. when we 
compare equal weights, and 26 per cent. by equal bulks. In 
freedom from clinker the anthracites stand preéminent ; in rapid 
production of steam, when once in action, the Pennsylvania bitu- 

Vol. xuix, No. 2.—July-Sept. 1845 43 
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minous coals are somewhat superior to all others, and for getting 
up steam, the foreign bituminous coals take less time than either 
of the other classes. 

Has the government yet availed itself of the important inform- 
ation which these tables present, in making its purchases? Judg- 
ing from the advertisements for contracts by the navy depart- 
ment, we must say we fear not. 

Our eastern depots, we believe, except perhaps the Washing- 
ton navy yard, are supplied with anthracite for the use of steam 
ships; whilst those of the south have their supplies of the most 
bituminous character. Suppose an express shall have been re- 
ceived at one of our ports, that a pirate or suspicious looking 
cruiser has just been seen, and a steam vessel lying there shall 
be ordered to proceed immediately in quest of her. We see by 
the thirteenth column of table CC, that if every thing else is in 
preparation, it will require from three to four times as long to bring 
the steam boiler to steady evaporation by the one as the other, 
and therefore that difference in the time at which the steamer 
can be considered as performing its full duty. Again, we believe 
on the Mexican coast the depots are supplied exclusively with 
coals of the highest bituminous character, such as Cannelton, 
Ind. and Pittsburg, Pa. ‘The results of the experiments show 
that this species of coal was admirably adapted to the short cruis- 
ing and rapid running generally required on the coast ; but one of 
these vessels may be wanted to cruise among the West Indies or 
along the coast of Yucatan. From the nature of this fuel, as 
may be seen by referring to the column ‘cubic feet of space re- 
quired to stow a ton,” and “pounds of steam furnished by one 
cubic foot of coal,” it is evident that the bunkers of the ship fill- 
ed with this kind of coal would not sustain a cruise much more 
than one half as long as with some of the other coals. 

These are differences of character eminently worthy of the at- 
tention of the government. 

We merely mention these supposed cases to show the practi- 
cable application of the information contained in this Report. 
Others not less important might be presented, and we hope that 
the departments of government will not fail to avail themselves 
of them. ‘The money expended on these investigations has been 


well spent ;—but if those whose duty it is to apply this inform- 
ation, fail to do so, the outlay, so far as the government is con- 
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cerned, might as well have been spared. Nothing appears more 
absurd than an ostentatious display of a desire to obtain informa- 
tion, and an unwillingness or incapacity to use it when obtained. 

During the last few years, the navy department has shown a 
very laudable desire to obtain such information as might be neces- 
sary to enable it to avail itself most successfully of the recent 
improvements in naval warfare. ‘Too much credit cannot be 
ziven to those who have pursued, or who may hereafter pursue 
this course judiciously. It indicates a very proper conception of 
the importance of this arm of national defence, and inciden- 
tally leads to developments of valuable resources. As might 
be expected, some, perhaps many, of the experiments that have 
been instituted for this purpose, have not been very creditable in 
their results to those who proposed them, or beneficial to the 
government. But this must often be the case, particularly when 
they are not based upon strictly scientific principles. The ex- 
periments recorded in this Report, and the results deduced from 
them, are exposed to no such objection. The daily records show 
that no preconceived theory existed to give them a partial char- 
acter; whilst the labor bestowed in preparing and applying the 
most difficult formule proves that the great object was truth. 
To obtain this no care was deemed superfluous, no labor too great. 
The results of the researches have moreover been reduced to so 
practical a condition, that they are entirely within the compre- 
hension of the most common capacity. ‘The eagerness with 
which this Report has been sought for, both at home and abroad, 
sufficiently indicates the great practical interest of the subject. 
Foreigners as well as our own countrymen, have begun to look 
to American coals, not only for the purposes of warlike and com- 


mercial navigation, but also as the direct materials and objects of 


trade. 

If under any circumstances there be wisdom in the maxim,— 
“in peace prepare for war,’—it was doubtless a most prudent 
measure to place our government in possession of all inform- 
ation which could tend to increase the efliciency of our navy, by 
developing the value of our resources in coal. Withina few 
years past a decided improvement has been observed in the tone 
and temper manifested by our public authorities relative to mat- 
ters affecting the public intelligence. The most ultra and bigoted 
no longer scout as formely the labors of science, which are alike 
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indispensable to the movements of government, and to the suc- 
cess of individual enterprise, alike essential to the material inter- 
est and to the social progress of nations. The real statesmen of 
our country clearly perceive that scientific investigations, con- 
ducted by men specially qualified for such pursuits, are equally 
necessary here as in the older dynasties of Europe, and that to 
foster ignorance by withholding the means to increase and diffuse 
knowledge, is the readiest way to spread over our land the dark- 
ness and despotism of the middle ages. 


Arr. VIII.—(1.) Description of a mass of Meteoric Iron, which 
fell near Charlotte, Dickson County, Tennessee, in 1835; 
(2.) Of a mass of Meteoric Iron discovered in De Kalb 
County, Tenn. ; (3.) Of a mass discovered in Green County, 
Tenn. ; (4.) Of a mass discovered in Walker County, Ala- 
bama ; by G. Troost, Prof. Chem. and Min. in University of 
Nashville, Tenn. ; Member Phil. Soc., and Acad. Nat. Sci., 
Philad. ; of the Geol. Soc. of France, &c. &c. 


In a former memoir on meteoric iron,* I mentioned that be- 
sides the mass there described, other masses of meteoric iron had 
been found in the state of T’ennessee,—one near Charlotte, in 
Dickson County, and another in De Kalb County, a few miles 
west of Cany Fork, near the road from Liberty to the ferry on 
that river. When I wrote that memoir, I had seen the latter 
mass, but the owner thinking that it was gold, platinum, or sil- 
ver, valued it at an extravagant price; having since been con- 
vinced that it did not belong to these precious metals, I obtained 
it for a moderate price. 

The mass from Charlotte, the county seat of Dickson County, 
is now also in my possession. I am indebted for it to the kind- 
ness of my friend, the Hon. J. Voorhies, senator from Dickson 
County in the legislature of Tennessee. 

I learned after the publication of the above mentioned memoir, 
that another mass of this iron had been found in Green County, 
Tennessee, having been ploughed up in a field twelve miles from 
Greenfield ; this also is in my cabinet, and for it I am indebted 


* See this Journal, Vol. xxx1v, p. 250. 
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to the Hon. Judge Jacob Peck of Jefferson County, and to Mr. 
Estabrook, President of Knoxville College. 

A fourth mass was found by Mr. Wiley Speaks in the north- 
east corner of Walker County, Alabama. It is also in my cab- 
inet, through the kindness of my friend, Dr I. F. Sowell of Ath- 
ens, Alabama, who purchased it for me of its discoverer. 


Meteoric Iron from Charlotte, Dickson County, Tenn. 


There is at present only one single instance where the fall of 
meteoric iron has been observed and properly authenticated. I 
allude to that of Agram, which fell on the 26th of May, 1751, 
about 6 o’clock in the afternoon, at Hraschina, a village near 
Agram in Croatia.* Most of this mass is in the Imperial Mineral 
Cabinet at Vienna, and it is not only remarkable for its authenti- 
cated fall, but also for its excellent preservation, its characteristic 
crust, and its well defined Widmannstattian figures, &c. All the 
other known masses of meteoric iron were accidentally discover- 
ed, and their meteoric origin is proved only by the characters 
which distinguish them from all terrestrial products. The state 
of Tennessee can now boast of possessing a second mass, (the 
fall of which was witnessed by several persons,) which is not in- 
ferior in any of the properties possessed by the Agram iron,t and 
which now forms one of the ornaments of my cabinet. 

A member of the legislature of the state of Tennessee from 
Charlotte, county seat of Dickson, (I do not remember his name, ) 
having seen my description of the Cocke County meteoric iron, 
mentioned to me some years ago, that a curious mass of some metal 
was in the possession of one of his constituents, which he thought 
might be of the same nature as that of Cocke County. He was 
not able to give me any other information, but becoming ac- 


* Von allen bekannten meteorischen eisenmassen ist die Agramer die einzige 
deren herabfallen sammt allen nebenamstanden beobachted worden ist, sie is so- 
wohl indieser hinsecht als durch ihre oberflache, die rinde von doppelter beschaf- 
fenhert, die vollkommenhert der widmannstattischen figaren U. 8. W. die merk- 
wurdigste und kostbarste von allen in sammlungen aufbewahrten meteorcisenmasse. 
Paul Partsch.—Uber die Meteoriten oder von Himmel gefallenen steine und Eisen- 
msasen in K.K. Hof-Mineralien-Kabinette zu Wien. 1843, pag. 106. 

t There is a small specimen of the Agram iron in the cabinet of Yale College. 
Through the kindness of the late Baron Lederer it was obtained in exchange for 
American meteorites ; it has very decidedly the characteristic crystallization.— Eds. 
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quainted since with the Hon. J. Voorhies, senator of Dickson 
County, I learned from him that such mass really existed, that he 
knew the person in whose possession it was, &c. Having thus 
learned that I desired to obtain it, my friend, the senator, did not 
rest till he had secured the specimen and put me in possession of 
it and its history. 

[ learned then the following facts from Senator Voorhies, and 
these facts have since been confirmed by other persons. In an- 
swer to a letter which I wrote about this iron to the senator, he 
answered :—‘“ I have collected all the facts in connection with 
the history of the meteoric mass which I sent you last year, but 
I have not been able to add much to those thatI have already 
communicated. There is no doubt that this mass fell from 
heaven upon the earth, where it shortly after was found, though 
the precise date cannot be recollected. I was told that a noise 
was heard in the air, which was preceded by a vividlight. This 
happened while several persons were laboring in their fields. A 
man who lives at present in this vicinity, was ploughing at the 
time when this took place ; his horse took fright, and ran around 
the field dragging the plough behind him; he recollected this cir- 
cumstance very well, and it enables him to fix the date upon which 
the fall took place. He believes that it was in 1835, on the last 
of July or the first of August, between 2 and 3 o’clock in the 
afternoon,—the sky being cloudless. It fell, before the last 
ploughing, in a cotton field opposite his dwelling. The iron was 
found when the field was ploughed for the last time that season. 
Its falk was not vertical but much inclined, and it travelled with 
great rapidity from west towards the east, as was evident from 
the furrow that had been made in the ground. The original 
shape of the mass was that of a kidney. Its smaller extremity 
was cut off by a blacksmith who yet lives in this vicinity. 
When it was first taken out of the ground, it had the appearance 
as if it had been heated.” 

According to this letter and the information which I collected 
at the place itself, where it fell—the Dickson iron fell, as already 
stated, on the last of July or the first of August, between 2 and 3 
o’clock, p.m. It has the form of a drop, or rather of a depressed 
tear; one side is partly flat and partly concave, while the other 
side is convex,—the form a drop of viscid matter would assume, 
if it fell upon a hard floor. The surface has the appearance of 
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smooth cast iron. It is surrounded by a zone or girdle of a 
metal of a whiter color, and of a more compact texture, possessing 
a more or less bright polish, which seems to have been produced 
by a more fluid part of the metal, squeezed through the pores of 
the already solid iron, by pressure probably occasioned by the fall, 
which spreading itself as a thin cover over the surface, formed 
the zone or girdle mentioned above. 

Fig. 1. 


In the above drawing, fig. 1, I give a figure of the mass, in 
half its natural size, representing its superior or convex surface A, 
and the zone or girdle of white metal BBB. At C isa kind of 
indenture, which could have been formed by nature only ina 
viscid matter, occasioned by contraction during refrigeration. 
Fig. 2 represents a horizontal section of the mass at line a, 8, fig. 
1, half its natural size. 
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Fig. 2. 


Superior surface. 


As mentioned above, the surface of the mass (when viewed 
with the naked eye) has the appearance of smooth cast iron; but 
the irregularity of this surface disappears when it is examined 
through a powerful magnifying glass. "The whole becomes then 
a reticulated plane, formed by the edges of thin lamin of metal, 
separated from each other by an apparently semi-fused or slaggy 
matter. ‘These lamine running in an inclined position into the 
mass, intersect one another at angles of 60°, and consequently 
forming equilateral triangles, would divide the mass into regular 
octahedrons. Fig. 3 represents this surface powerfully magnified. 
Fig. 3. 


WW. 

Its present weight is 7 pounds and 13 ounces. I presume the 
original weight, judging from the size of the piece cut off before 
it came in my possession must have been between 9 and 10 pounds. 

Its fracture, judging from the piece that was partly cut and partly 
broken off before I got it, has the character of that of a very soft 
kind of malleable iron, showing at the same time in its jagged 
fracture some regularity of crystallization. 
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Meteoric Iron from De Kalb County, Tenn. 


Nothing is known respecting the fall of this iron. ‘The first 
knowledge that I received of it, was from the Hon. Judge Brown 
of Nashville. I went immediately to the place where it had 
been discovered. It had then already changed owners, and I found 
it in the possession of the son of the person that found it by 
ploughing, who lives near the mouth of the Cany Fork. I could 
hardly persuade this person to give me a view of it, and he did 
not form a very favorable opinion of my honesty when I told 
him that it was iron, and particularly when I spoke of purchas- 
ing it; all the answer that I] could get was, “Iron, you say! I 
have lived too long to be cheated in this way.” It was immedi- 
ately locked up, and I had to depart without it. It afterwards 
passed through several hands, and at last the idea of its being 
any thing else than iron being abandoned, I was enabled to pur- 
chase it from a gun-smith, now living about 10 miles from Nash- 
ville. 

Only one piece of it was discovered. Its weight when it came 
into my possession was about 36 pounds. Its original weight 
must have been greater, as several chips had been cut from the 
surface, by which the blacksmiths and silversmiths found out that 
it was not gold or silver. 

When I first saw the mass, it had an ochrey-brown glossy sur- 
face, but the least scraping with an iron tool brought the natural 
iron color to light, so that it was not covered with acrust. It 
had an irregular oval shape. 

This iron is remarkable for its Widmannstattian or crystalline 
figures, which are handsomely displayed on the section, without 
its being subjected to any chemical operation.* These figures 
are shown on the polished surface by the section of lamina which 
are imbedded through the whole mass of iron. ‘These lamin 
are easily distinguished from the rest of the mass by their color, 
which is almost silver white; they are harder and receive a 
brighter polish than the bulk of the mass. When these lamine 
are cut parallel to their planes, or nearly so, they exhibit only 
irregular spots, but where they are cut trausversely, though irreg- 


* These figures are produc ed by the action of acids, by which the more soluble 
part of iron is dissolved, while the less soluble part shows itself in relief upon the 
ce. 
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ularly dispersed through the iron, they exhibit a regular arrange- 
ment; they are all inclined towards each other in such manner 
that if they were extended till they met at the extremities, they 
would form equilateral triangles, so that they indicate the crys- 
talline structure of the mass, which is that of octahedrons. In 
this respect it coincides with Cocke County iron.* The latter 
being more or less subject to decomposition, I was able to separate 
several of these laminw, which have almost the color and lustre 
of burnished silver, and are not yet tarnished, though they have 
been exposed for five or six years to the influence of the atmos- 
pheric air. 

There is no doubt that these pellicles or lamine, though equally 
attracted by the magnet, have a different composition from othe 
parts of the iron, and this seems to be the cause that the several 
analyses made of the same iron seldom give the same result. 

The polished section of my cabinet specimen, offers a surface 


~ 


of about 7 by 4! inches; it exhibits in this space two large 
heterogeneous masses, one of about 4 of an inch and the other 
about 2? of an inch in diameter, and others smaller. I consider 
these masses as composed principally of graphite, intimately mix- 
ed with metallic iron, asthe powder which [ scraped off is feebly 
attracted by the magnet, and soils paper like common plumbago, 
and its streak has a black metallic lustre. In this respect, also, it 
resembles the Cocke County iron. Upon the whole it is an inter- 
esting variety. 


Meteoric Iron from Green County, Tenn. 


It seems that Mr. Estabrook, President of the College at Knox- 
ville, East Tennessee, learned from Mr. Francis M. Davis of 
Greenville, that a mass of some metal had been found in Green 
County, Kast Tennessee. Mr. Estabrook requested Mr. Davis to 
secure it for him, in order to transmit it to me. Mr. Davis's an- 
swer, dated the 3d of July, 1842, is as follows :— In compliance 
with your request I have obtained the mass of metal to which 
yourefer. The whole mass that I have, weighs about 14 pounds; 
6 or 8 pounds have been broken off. ‘The form of the whole 
mass is very irregular, having the appearance of having been 


* See this Journal, Vol. xxsxvui, p. 251 
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melted. ‘The surface alone is oxydated, resembling very much 
ordinary oxydated iron. Its interior seems to be crystallized, but 
as to the form of the crystal, [ cannotsay. Its appearance is that 
of silver or polished steel, perfectly compact, and malleable to a 
great degree. It was found insulated,” &c. 

This piece was then divided, and part of it sent to Mr. Esta- 
brook and part to Judge Jacob Peck. I obtained the two pieces. 
Judge Peck wrote me,—‘'The piece of iron I send you from 
Gireen County was ploughed up in a field near Babb’s mill, 9 or 
10 miles north of Greenville. It had been worked for the silver it 
contained, but the artist could not separate the silver from the 
other metal, because there was none in it.” 

It appears from the above information that this iron also was 
considered by its discoverer as silver, or some precious metal. It 


} 
tl 


was therefore submitted to some operations in fire, which has more 
or less altered its surface, but I doubt very much whether it 
could have had any influence on its internal structure. Now this 
structure differs very much from that of the generality of the 
meteoric iron masses with which I am acquainted. In the letter 
above quoted, Mr. Davis says, that “its tntertor seems to be crys- 
tullized ;’ but this gentleman, as appears from his letter, having 
no mineralogical knowledge, was not well able to distinguish a 
crystalline from a coarse granular structure. 

[ts internal structure is coarse granular ; its color is rather whiter 
than that of pure iron; and it is very malleable, equal if not su- 
perior in this respect, to the softest wrought iron ; no traces of 
pyrites, or of any other heterogeneous substances are perceptible 
in it. 

I doubted at first its meteoric origin, its fracture resembling 
that of a hard and white kind of cast iron, and its surface show- 
ing the eflects of the action of fire. I submitted it therefore to 
analysis. 

42-3 grains of it gave me, 


per cent 
Peroxide of iron, 53°18 grs. = Iron, (metallic) 36-87 =S87-58 
Protoxide of nickel, 525 “ = Nickel, 4:13=12-42 


Loss, 1-30 


42°30 
Probably the quantity of nickel here mentioned is too great ; 
perhaps it may contain some other metallic ingredients, but the 


4 


} 
vi 


344 Meteoric Iron from Tennessee and Alabama. 


state of my health at that time did not permit me to be longer 
engaged in chemical investigations, and therefore I did not ascer- 
tain the purity of the nickel. It was satisfactory to me that it 
did contain a notable quantity of nickel, and that hereby its me- 
teoric origin was put beyond doubt. But even if the nickel had not 
established its meteoric origin, what could it be? I mentioned 
above, that in its granular structure it did resemble more or less 
some white cast iron, but its softness and malleability show that 
it cannot be thats Cast iron when it is white, is always hard 
and breaks under the hammer. This is not the case with our 
iron; I can cut small chips of it with a knife. I doubt whether 
this can be done from white cast iron! Its fracture distinguishes 
it also from wrought iron. 


Meteoric Iron from Walker County, Ala. 


As already mentioned, I owe the Walker County, Alabama 
meteoric iron to the politeness of my friend, I. F. Sowell, M. D., 
of Athens, Alabama, who purchased it for me from its discoverer, 
Mr. Wiley Speaks, living in Morgan County, Alabama. He 
found it in the autumn of 1832 in the northeast corner of Walker 
County, while ona deer-hunting excursion. He had stopped 
to rest upon a little spur of mountain, when he observed the mass 
with its large end deeply buried in the ground, leaving only a 
small portion of the small end protruding. Believing it to be 
some precious metal, he took especial pains to have it safely and 
secretly conveyed to his house, some 15 miles off, where it re- 
mained till February, 1843, when it came into the possession of 
Dr. Sowell, and shortly after I received it in Nashville. 

The original weight was about 165 pounds; this weight was 
somewhat diminished when it came into my possession, some 
small pieces having been chiseled off. This must of course be 
expected, as these masses fall mostly into the hands of ignorant 
persons, who are generally on the look-out for some of the pre- 
cious metals, (as silver and gold are usually called,) and conse- 
quently every thing that is uncommon is very often considered as 
such. It is therefore necessary, in order to convince themselves 
of its true nature, that some small parts of it should be sent to a 
silversmith, 
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Its shape was irregularly oval, partly covered with a brown 
oxydated crust, which in some places penetrated ! of an inch in- 
to the mass, at other places the pure iron is at the surface. The 
iron is very compact. Its fracture is very crystalline, exhibiting 
when broken triangular laminz, some of which are about 2 of 
an inch Jong. I doubt not, therefore, that it is susceptible of pro- 
ducing the Widmannstattian figures. On the polished surface 
of the section, several lines are perceptible; they are placed in 
such positions towards each other, that in case they were in con- 
tact they would form equilateral triangles. 

By sawing this mass I discovered a nodule about 2! inches 
long, 2 inches broad, and 14 inches high. ‘This nodule being 
placed near the external surface, and the saw-cut going through 
it, and it being separated from the generality of the mass by 
some thin pellicles of a white brilliant metal, as mentioned in the 
description of the De Kalb County iron, I could disengage it 
easily from the mass by some slight blows witha hammer. The 
part of this nodule that was imbedded, shows a very crystalline 
surface. 

This iron is not much influenced by atmospheric agencies, but 
where the brown oxidized crust penetrates the mass, as observed 
above, some chemical action takes place. I have often found that, 
just at the junction of the crust with the metallic iron, during a 
humid state of the atmosphere, small pearls of a brown fluid 
would make their appearance ; these fluid globules would some- 
times become covered by a brown pellicle, and when the atmos- 
phere was very dry the whole of the fluid would disappear, and 
nothing but the empty spherical pellicle remained. [I could not 
conceive the cause of these fluid globules, and endeavored there- 
fore to collect some of the fluid, thinking at the moment, of the 
discovery of chlorine in meteoric iron by Dr. Jackson. I brought 
some of it to the surface of a weak solution of nitrate of silver, 
and immediately a small stream of a white color went to the bot- 
tom; of course here I had the chlorine. ‘This chlorine does not 
exist in the iron... ‘To convince myself of this, I took some filings 
of it, (between 5 and 6 grains,) and having saturated some pure 
nitric acid with them, dropped it into a similar solution of silver 
as above; no precipitate ensued. I made experiments, also, with 
the little fluid globules, in the presence of Prof. Litton, with the 
same result. 
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In examining the action of the magnetic needle on the oxidi- 
zed crust of the Alabama iron, I found that most of this crust 
was attracted by the magnet, and that some of it exhibited con- 
stantly a powerful polarity, and attracted iron filings. On this 
occasion | examined the magnetism of some large pieces of me- 
teoric iron which had a polished surface. I found when these 
surfaces were placed vertically, that invariably the north pole of 
the needle was attracted by the upper edge, and the south pole 
by the lower one ; and moving the needle from the upper toward 
the lower edge, along the surface, without being in contact with 
it, I arrived at a place where neither of the poles was attracted ; 
continuing on till I arrived near the lower margin, the south pole 
was again attracted. ‘This is invariably the case in whatever 
position in regard to the horizon the polished surface is placed, 
and however suddenly this position is changed. I found this to 
be the case with all iron. Whether this fact is known to those 
who have made magnetism an object of peculiar investigation, 
I cannot say. It is very possible that it must be attributed to 
the general magnetism of the globe. 


Arr. [IX.—On the Allotropism of Chlorine as connected with 
the Theory of Substitutions; by Joun Draper, 
M. D., Professor of Chemistry in the University of New York.* 


Tue researches of M. Dumas on chemical types have shown 
that between chlorine and hydrogen remarkable relations exist, 
indicating that the electrical characters of elementary atoms are 
not essential but rather incidental properties. ‘The extension of 
these researches has given much weight to the opinion that the 
electro-chemical theory may be regarded as failing to account for 
the replacement of such bodies as hydrogen by chlorine, bromine, 
oxygen, &c. Ido not know that as yet any direct evidence has 
been offered that the electrical character of an atom is not an es- 
sential quality, but one that changes with circumstances. It ap- 
pears to be rather a matter of inference than of absolute demon- 
stration. 

It is the object of this memoir to furnish such direct evidence, 
and to show that chlorine, the substance which has given rise to 


* Communicated by the author 


as connected with the Theory of Substitutions. 3 


the discussions connected with the theory of substitutions, under 
the very circumstances contemplated, has its electro-chemical 
relations changed. 

More than two years ago I brought before the British Associa- 
tion some of the facts. 'They were subsequently published in 
the Philosophical Magazine in a memoir on “ 'Tithonized Chlo- 


rine.”* ‘The connexion of these experiments with the discussion 
between the theory of substitutions and the electro-chemical theory 
is obvious. 

Very recently M. Berzelius has published an important paper 
on the allotropism of simple bodies, the object of which is to 
point out that many of those bodies can assume different qualities 
by being subjected to certain modes of treatment. ‘Thus carbon 
furnishes three forms—charcoal, plumbago, and diamond. 

‘l'o a certain extent these views coincide with those which 
have offered themselves to me from the study of the properties of 
chlorine. ‘They are not however altogether the same. M. Ber- 
zelius infers that elementary bodies can, as has been said, assume 
under varying circumstances different qualities. The idea which 
it is attempted to communicate in this memoir is simply this,— 
that a given substance, such as chlorine, can pass from a state of 


high activity, in which it possesses all its well known properties, 


to a state of complete inactivity. in which even its most energetic 
aflinities disappear. And, that between these extremes there 
are innumerable intermediate points. Between the two views 


there is therefore this essential difference,—from the former, it 
does not appear what the nature of the newly assumed properties 
may be; from the latter, they must obviously be of the same 
character, and differ only in intensity or degree—diminishing 
from stage to stage until complete inactivity results. 

In the case of chlorine the same activity which is communi- 
cated by the indigo rays can also be communicated by a high 
temperature, or by the action of platina. The term “ tithonized 
chlorine,” which I formerly used, is therefore too restricted, and, 
indeed, in this view of the case improper. The simple appella- 
tions—active and passive, are perhaps the best, and I shall there- 
fore employ them. 


* London, Edinburgh, and Dublin Philosophical Mag., July, 1844 
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The points which this memoir is intended to establish are,— 

I. That chlorine gas can exist under two forms. In the same 
way that metallic iron can exist as active or passive iron, chlorine 
can assume the active or passive state. 

II. Having established the fact of the allotropism of chlorine, I 
shall then show its connexion with the theory of substitutions of 
M. Dumas, and how the most remarkable points in that theory 
may be easily accounted for. 

The time, perhaps, has not yet arrived for offering a complete 
mechanical explanation of the assumption of an active or passive 
state. It may be remarked, that a very trivial modification of our 
admitted views of the relation between atoms and their proper- 
ties, is all that is required to give a consistent explanation of every 
one of these facts. Instead of regarding the specific qualities of 
an atom as appertaining equally to the whole of it in the aggre- 
gate, we have merely to assume that there is a relation between 
its properties and its sides, and that any force which can make 
it change its position upon its own axis will throw it into the ac- 
tive or passive state. But this is nothing more than the well 
known idea of the polarity of atoms. 


Phenomena of the Decomposition of Water by Chlorine in the 
Rays of the Sun. 


From the various facts which might be employed as offering 
the means of establishing the allotropism of chlorine, I shall select 
those which arise from an examination of the phenomena of the 
decomposition of an aqueous solution of chlorine by the rays of 
the sun. 

For many years it has been known that an aqueous solution of 
chlorine undergoes decomposition by the aid of the solar rays. 
Several of the most remarkable phenomena connected with this 
decomposition appear to have been overlooked. Among such 
may be mentioned the singular fact, that chlorine which has 
been thus influenced by the sun has obtained the quality of ef- 
fecting this decomposition subsequently, to a measured extent, 
even in the dark. Not to anticipate what I have to offer on this 
point, [ shall now proceed in the first place to establish the va- 
rious facts connected with the decomposition in question. 

Having provided a number of small glass vessels, consisting of 
a bulb and neck of the capacity of from 1:5 to 2:0 cubic inches, 
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I filled them with a solution of chlorine in recently boiled water, 
aud inverted them in small glass bottles containing the same 
solution, as shown in fig. 1. With these bulbs the following ex- 
periments were made. 

I. An-aqueous solution of chlorine does not decompose in the 
dark. 

One of the bulbs was shut up in a dark closet, and kept there 
for a week,—being examined from time to time. No decompo- 
sition was perceptible, for no gas collected in the upper part of 
the bulb. 

II. An aqueous solution of chlorine decomposes in the light. 

One of the bulbs was placed in a beam of the sun reflected into 
the room bya heliostat. For sixteen minutes no change was 
perceptible ; then small bubbles of gas made their appearance ; 
they increased in quantity for a time, but finally the speed of de- 
composition became uniform. On analysis by explosion with 
hydrogen, after washing out any chlorine contained in it, this 
gas was found to contain 97 per cent. of oxygen. 

III. The rapidity of this decomposition depends on the quan- 
tity of the rays, and on the temperature. 

In various repetitions of these experiments, on different days, 
I soon convinced myself that the rate of evolution of the oxygen 
depended on the quantity of the rays. Among other proofs I 
may mention this :—After ascertaining the rate of decomposition 
in the reflected beam, if the bulb be set in the direct sunshine, 
the bubbles increase in number; the total quantity of oxygen 
evolved becoming greater in the same space of time, an effect ob- 
viously due to the difference of intensity of the reflected and in- 
cident beams. When a certain point is gained, apparently no 
further increase of effect takes place on increasing the brilliancy 
of the light, as I found by employing a convex lens. 

With respect to the influence of temperature. If while one of 
the bulbs is actively evolving gas inthe sun-rays, it be warmed 
by the application of a spirit lamp, the amount of gas thrown off 
becomes very much greater. A difference of a few degrees pro- 
duces a striking effect. As an illustration of this, I placed in the 
sunshine two bulbs which were nearly alike, except that one of 
them was painted black with India ink on that portion which 
was farthest from the sun. ‘The rays coming through the trans- 
parent part had access to the solution, and then impinging on the 
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dark side raised its temperature. On measuring the quantity of 
gas collected, it was found, 

In the transparent bulb, 3°46 

In the half blackened bulb, - - 6:19 

IV. The decomposition of water, once begun in the sunbeams, 
goes on afterwards in the dark. 

Ist. This very important fact may be established in a variety 
of ways. Thus, ifa bulb be removed from the sunshine whilst 
it is actively evolving gas, and be placed in the dark after all the 
gas has been turned out of it, a slow evolution continuously goes 
on; the gas collecting in the upper part of the bulb. 

2d. A bulb A, Fig. 2, having a neck b, the end of which was 
bent at c upwards at an angle of about 45 degrees, was employed. 
After exposure to the sun, by inverting the bulb and with one 
finger closing the extremity c, the gas disengaged could be trans- 
ferred to a graduated vessel and measured. I satisfied myself by 
several variations of this arrangement that the small quantity of 
water, introduced from time to time when the gas bubble escaped 
from the end of the tube e, exerted no essential influence on the 
phenomenon. ‘The following table shows the amount of gas 
evolved in the dark during the periods indicated. 

The bulb having been exposed to the sunshine, in ten minutes 
the evolution of gas commenced, and in an hour, ‘107 cubic inch 
having collected, this was thrown away, and the arrangement 
placed in the dark. ‘To prevent the undue escape of the chlorine, 
the flat piece of glass d, was laid on the open end of the tube ec. 
In each successive hour the quantity of gas given in the following 
table was then evolved. 


First hour, - - ‘0162 
Second ‘“ - - - - ‘0159 
Third “ - - - - ‘OOS6 
Fourth - - - 
Fifth “ - - - - ‘0038 
Sixth “ - - - - ‘0031 


And for four days afterwards gas was collecting in the bulb in 
diminished quantities. 

V. This evolution of gas in the dark is not merely a gradual 
escape of oxygen, originally formed whilst the solution was ex- 
posed to the sun, but is traceable to an influence continuously 
exerted by the chlorine, arising in properties it has acquired du- 
ring its exposure to the rays. 
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If a bulb which has been exposed to the sun be raised by a 
spirit lamp to such a temperature that its gaseous constituents 
are rapidly evolved, its extremity dipping beneath some of the 
solution in the bottle, after allowing a suflicient space of time for 
the disengaged chlorine to be re-dissolved, and the oxygen be 
turned out of the bulb, it will be found on keeping the arrange- 
ment iu the dark, that oxygen will slowly disengage as before. 

Now, there is every reason to believe that any small amount 
of oxygen dissolved in the liquid would be expelled with the 
clilorine at a high temperature. We therefore have to infer that 
the chlorine after this treatment still retains the quality of causing 
the decomposition steadily to go forward. 

‘The oxygen which thus accumulates in the course of time in 
the dark, after an exposure to the sun, does not arise from any 
portion of that gas held in a state of temporary solution, nor from 
peroxide of hydrogen, nor from chlorous acid in the liquid, un- 
dergoing partial decomposition. Erom any of these states a high 
temperature would disengage it. 

VI. The evolution of gas is not of the nature of a fermentation ; 
for when it once sets in, the molecular motion is not propagated 
from particle to particle, but affects only those which were 
originally exposed to the rays. 

Let a bulb be filled with chlorine water which has been ex- 
posed to the sun, and in a second bulb place a quantity of the 
same liquid equal to about one third of its capacity. Fill up the 
remaining two thirds with chlorine water which has been made 
and kept in the dark; and after keeping both bulbs in obscurity 
for some days, measure the volumes of gas they contain. If the 
qualities of chlorine, which has been changed by exposure, were 
communicable, by contact or close proximity, from atom to atom, 
we might expect that both the bulbs would yield the same quan- 
tity of gas; but this is far from being the case, and in such an 
experiment I found that the bulb containing the mixture gave 
only one fourteenth of the gas which was found in the other. 

Vif. 'Mhe quantity of gas which thus collects in the dark, de- 
pends on the intensity of the original disturbance ; which in its 
turi depends on the time of exposure to the rays, to their intensity, 
and other such conditions. In other words, the rays are perfectly 
definite in their actiou,—a long exposure giving a larger amount 
of subsequent decomposition, and a short exposure a less amount. 
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On exposing a bulb filled with chlorine water to the rays until 
bubbles of gas began to appear, and a second one unti the de- 
composition had been actively going on for a quarter of an hour, 
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and then transferring both to the dark, and measuring the oxygen 
which collected at the end of a day, I found in the former one 
twelfth of what was collected in the latter. 

VIII. In agiven quantity of chlorine water, the decomposition 
in the dark corresponding to a given exposure to the light having 
been performed, and the proper quantity of oxygen evolved, and 
the phenomenon ended, it can be reéstablished from time to time, 
as long as any chlorine is found in the liquid, by a renewed ex- 
posure to the sun. 

In a glass vessel like Fig. 3, which, indeed, was nothing more 
than one of Liebig’s drying apparatus, [ placed a sufficient quan- 
tity of chlorine water to fill the larger vessel, and also the vertical 
tubes half full. After exposing this to the light for a certain time, 
until decomposition had fairly set in, I placed it in the dark, and 
found that for several days it gave off gas,—the quantity contin- 
ually diminishing. Finally, no more gas was evolved. But the 
liquid still contained free chlorine, as was shown by its color. I 
therefore again exposed it to the sun, and repeating the former 
observation, found that it evolved gas for several days in the dark. 
A third exposure was followed by the same result. 

The form of this vessel renders it very convenient for these ex- 
periments ; because when sufficient gas has collected for the pur- 
pose of observation, it is easily removed by inclining the instru- 
ment, without the necessity of introducing fresh quantities of 
liquid. 

Having found, as has been said, that the rapidity of the decom- 
position depended to a certain extent on the temperature, it 
seemed desirable to determine whether heat alone could bring 
about the change. 

IX. The decomposition of water by chlorine is not brought 
about by mere elevation of temperature when the liquid is set in 
the sunbeam,—although heat accelerates, it does not give rise to 
the phenomenon. 

Ist. I raised by a spirit lamp the temperature of one of the 
bulbs nearly to its boiling point, until so much gas was given oif 
that all the liquid was expelled from the tube to the bottle be- 
neath. If at this temperature, which probably was higher than 
200° Fahr., chlorine had been able to decompose water, an equiv- 
alent quantity of oxygen would have been produced ; but on al- 
lowing the apparatus to cool, all the gas was re-absorbed, with 
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the exception of a small bubble, amounting in volume to ;,;';, of 
the water. This bubble, which was left after the chlorine was 
re-condensed, I found in three different experiments contained 32, 
33, and 36 per cent. of oxygen,—the remainder being nitrogen ; 
but this being nearly the constitution of the gas which is dis- 
solved in ordinary water, the source from which the small bubble 
came was inferred to be the water used in these experiments. 

2d. One of the bulbs was painted black all over with India ink. 
Its temperature now rose much higher than in former experi- 
ments when it was set in the sun, but not a bubble of oxygen 
appeared. 

X. When chlorine water has been exposed to the sun, the 
oxygen accumulated in it is readily expelled by raising the tem- 
perature. 

Having exposed one of the bulbs used in the last experiment, 
until it was actively evolving gas, I raised its temperature with 
the spirit lamp until the bulb was full of gas. But, on cooling, 
this gas did not all condense as in the last instance, a large quan- 
tity remained behind. 'This was oxygen. 

These ninth and tenth facts are of further interest, as bearing 
upon a question which has been much discussed by chemists,— 
the nature of the bleaching compounds of chlorine. The chloride 
of lime, and other such substances, probably have the same the- 
oretical constitution as chlorine water. Berzelius and Balard sup- 
pose, that in this solution chlorous or hypochlorous acids exist. 
It might be inquired, if this be the condition of things, why does 
not an exposure to heat alone evolve oxygen, for chlorous acid is 
exceedingly liable to decomposition by slight elevation of tem- 
perature, and we should be justified in inferring that if any of 
this acid is to be found in chlorine water, it would be decomposed 
at the boiling point. M. Millon adopts the view that the bleach- 
ing compounds are metallic chlorides analogous to the corres- 
ponding peroxides. But the ninth fact seems incompatible with 
this view. If chlorine water be analogous to peroxides of hydro- 
gen, and this last be what its name imports, and not merely 
oxygenated water, it is difficult to understand why when chlorine 
water is thus boiled oxygen is not given off. If the atom of 
chlorine and the atom of oxygen in this body are placed under 
the same relations to the atom of hydrogen, it seems necessary 
that the chlorine atom at 212° Fahr. should expel the oxygen 
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atom, and chlorohydric acid form. It is probable, indeed, that 
the two oxygen atoms in peroxide of hydrogen are related to their 
hydrogen atoms with different degrees of affinity, and that one of 
them is retained far more loosely than the other. But this would 
correspond with our ideas of oxygenized water and not peroxide 
of hydrogen, and leads us to the conclusion that the solution em- 
ployed in this memoir is strictly a solution of chlorine in water. 
XI. ‘The decomposition of chlorine water, when placed in the 
sunbeam, does not begin at once, but a certain space of time inter- 
venes, during which the chlorine is undergoing its specific change. 
I need quote no further instance of the truth of this than the 
experiment given in support of the second fact. ‘This isthe same 
phenomenon which takes place when chlorine and hydrogen are 
exposed together ; they do not begin to unite at once, but a cer- 
tain space of time elapses, during which the preliminary tithoni- 
zation is taking place ; and when that is over union begins.” 


On the Relations of Chlorine and Hydrogen. 


We have thus traced the cause of the decomposition of water, 
in the case before us, to a change impressed upon the chlorine by 
exposure to the rays of the sun. In this decomposition three el- 
ementary bodies are involved—chlorine, oxygen, and hydrogen. 

We can therefore reduce the problem under discussion to sim- 
ple conditions, and study the relations of each of these substances 
to each other and to the solar rays successively. 

When a mixture of oxygen and hydrogen gases, in the propor- 
tion to form water, is exposed to the most brilliant radiation con- 
verged upon it by convex lenses, union does not ensue ; the rea- 
son being, as I have formerly shown, that those gases are per- 
fectly transparent to the rays, and do not possess either real or 
ideal coloration. For the same cause, water exposed alone for 
any length of time to the sun, or to the influence of a large con- 
vex lens, does not decompose. It is transparent, and cannot ab- 
sorb any of the rays. 

But, as is well known, a mixture of chlorine and hydrogen 
unites, under the same circumstances, with an explosion. I have 
formerly proved that this depends on the absorption of the indigo 
rays. Forin the indigo space the action goes on with the greatest 
activity. 
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If, therefore, this phenomenon is due to absorption taking place 
by the mixture, it is easy to determine the function discharged 
by each of its ingredients. 

I transmitted a ray of light through hydrogen gas, contained 
in a tube seven inches long, the ends of which were terminated 
by pieces of flat glass; and then dispersing the ray by a flint 
glass prism, received the resulting spectrum on a daguerreotype 
plate. Simultaneously, by the side of it, I received the spectrum 
of aray which had not gone through hydrogen, but through a 
similar tube filled with atmospheric air. On comparing the im- 
pressions together, I could find no difference between them. 

I therefore infer that hydrogen gas does not exert any absorp- 
tive action on the solar rays. 

In one of the foregoing tubes I placed dry chlorine gas, the 
other containing atmospheric air as before, and receiving the 
two spectra side by side on the same daguerreotype plate, I found 
that a powerful absorption had been exercised by the chlorine. 
All the tithonic rays between the fixed line H and the violet ter- 
mination of the spectrum were removed, and no impression cor- 
responding to their place was left upon the plate. On repeating 
this experiment so as to determine with precision the rays which 
had been absorbed, I found that chlorine absorbs all the rays of 
the spectrum included between the fixed line 7 and the violet 
termination, and is probably affected by all those waves whose 
lengths are between 0-00001587 and 0-000012S87 of a Paris 
inch; and inasmuch as it absorbs photic rays included between 
the same limits, it is to this absorption that its yellow color is due. 

In the Philosophical Magazine the same result was establish- 
ed by me in another way. I found that a ray which had passed 
through a given thickness of a mixture of equal volumes of 
chlorine and hydrogen, lost by absorption just half as much of 
its original intensity as when it passed through the same thick- 
ness of pure chlorine gas ; a result which obviously leads to the 
conclusion that when chlorine and hydrogen unite, under the 
influence of the sun, they discharge functions which are difier- 
ent—the chlorine an active and the hydrogen a passive function. 
The primary action or disturbance takes place upon the chlo- 
rine, and a disposition is communicated to it enabling it to unite 
readily with the hydrogen. 
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By arranging a series of tubes containing a mixture of these 
gases in the spectrum, it was found that the gases situated in the 
indigo space went into union first. 

These various experiments enabling us thus to trace to the 
chlorine the source of disturbance, I have next to remark, that 
chlorine which has been exposed to the rays of the sun has 
gained thereby a tendency to unite with hydrogen which is not 
possessed by chlorine which has been made and kept in the dark. 
In proof of this fact, I may cite an experiment from the Philo- 
sophical Magazine for July, 1844. 

“Tn two similar white glass tubes place equal volumes of chlo- 
rine which has been made from peroxide of manganese and mu- 
riatic acid by lamplight, and carefully screened from access of 
daylight. EXxpose one of the tubes to the full sunbeams for 
some minutes, or if the light be feeble, for a quarter of an hour. 
The chlorine which is in it becomes tithonized. Keep the other 
tube during this time carefully ina dark place; and now, by 
lamplight, add to both equal volumes of hydrogen gas. These 
processes are best carried on in a small porcelain or earthen- 
ware trough, filled with a saturated solution of common salt, 
which dissolves chlorine slowly, and to avoid explosions, ope- 
rate on limited quantities of the gases. ‘Tubes that are eight 
inches long and half an inch in diameter will answer very 
well.” 

“'The tubes now contain the same gaseous mixture, and differ 
only in the circumstance that one is tithonized and the other not. 
Place them therefore side by side before a window, through 
which the entrance of daylight can be regulated by opening the 
shutter; and now, if this part of the process is conducted prop- 
erly, it will be seen that the tithonized chlorine commences to 
unite with the hydrogen, and the salt water rises in that tube. 
But the untithonized chlorine shows no disposition to unite with 
its hydrogen, and the liquid in its tube remains motionless for a 
long time. Finally, as it becomes slowly tithonized by the ac- 
tion of daylight impinging on it, union at last takes place. From 
this therefore we perceive that chlorine which has been exposed 
to the sun will unite promptly and energetically with hydrogen, 
but chlorine which has been made and kept in the dark shows 
no such property.” 

Vol. xxix, No. 2.—July-Sept. 1245 46 


4 
7 
ii 
| 


358 Prof. Draper on the Allotropism of Chlorine 


This form of experiment may be supposed imperfect, since 
the chlorine is in a moist condition and confined by water. [| 
have therefore made the following variation. 

I took a tube A, (Fig. 4,) six inches long and half an inch in 
diameter, closed at one end and open at the other, and cemented 
its open end on a piece of flat plate glass M, N, one inch wide 
and two long, ground on both sides, and having a hole p one 
sixth of an inch in diameter perforated through it. This hole 
was not in the centre of the glass, but on one side, as shown in 
the figure. The interior of the tube was perfectly clean and dry. 

A second tube B, consisting, as shown in Fig. 4, of two por- 
tions; a wide portion B, and a narrower tube ce, was cemented 
on another piece of ground plate glass, similar to the foregoing 
in all respects. ‘The tube ec was open at its lower extremity; 
and the entire capacity of B and ¢ conjointly was adjusted so as 
to be equal to the capacity of A. 

Next I filled A with dry chlorine, and Be with dry hydrogen ; 
and kept them from mixing until the proper time, by operating 
in the following way: I placed the ground glasses face to face, 
as shown in Fig. 5, with a small quantity of soft tallow between 
them, arranging them in such a way that the aperture which led 
to the interior of A was open. 

Through this aperture dry chlorine was conveyed. It was 
generated by a mixture of peroxide of manganese and chlorohy- 
dric acid in the flask D, (Fig. 6,) and passed along a tube FE, fill- 
ed with chloride of calcium. A slender glass tube f, conveyed 
it to the bottom of A, which was then filled by displacing the 
atmospheric air. When A was supposed to be full of chlorine 
it was slowly lowered so as to bring the tube out of the aperture, 
and as soon as it was disengaged the glass plates were moved in 
such a manner by sliding them on one another, that the aperture 
leading into A was shut; but that leading into B was open. 
The vessel A was thus filled with dry chlorine and securely 
closed. 

In the next place I filled B with dry hydrogen, which was 
done as follows. ‘T’o a bottle G, (Fig. 7,) containing dilute sul- 
phuric acid and zinc, a drying tube K, of chloride of calcium 
was adjusted, and at its upper end acork h, arranged so as to 
receive tightly the tube c. In a short time, therefore, B became 
full of dry hydrogen, the surplus escaping through the open aper- 
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ture p. ‘The two ground glass plates were now moved on one 
another in such a manner that they mutually closed one another. 
The vessel A was therefore filled with dry chlorine, and the ves- 
sel Be with an equal volume of dry hydrogen, without commu- 
nicating for the present with one another. 

[ had provided two sets of these tubes as nearly alike as they 
could be made, and operated with them in the following manner. 

In a dark room I filled the tube A of each of them with dry 
chlorine in the manner just described, and confined it by sliding 
the plates. One of the tubes was retained in the dark room and 
kept carefully screened from the light, but the other was set for 
half an hour in the sunbeams. ‘The chlorine which was in it 
underwent the specific change which it is the object of this pa- 
per to describe. 

After restoring this tube to the dark room, and waiting a few 
minutes for it to gain the same temperature as the other, the 
tubes Be of each set were filled with dry hydrogen in the man- 
ner described. In each instance, as soon as the plates were mov- 
ed on each other so as to confine the hydrogen, and they were 
released from the cork A of the drying tube K, (Fig. 7,) their 
lower extremity was dipped beneath the surface of some water 
contained in a saucer P, (Fig. 8.) The two sets of tubes being 
held steadily in a proper position by the aid of a wooden frame 
QR. The two sets of tubes now differed from one another in 
nothing but the circumstance that the chlorine of one had been 
exposed to the sun, and that of the other had not. 

The gases were now brought in contact. ‘This was easily 
done by sliding each pair of ground glasses until their apertures 
coincided, as shown in Fig. 9. ‘The hydrogen now rose through 
the hole into the upper vessel, the chlorine descending through 
it, mutual and perfect diffusion of the two gases rapidly taking 
place. This was done by lamplight in the dark room. And 
now it could be ascertained that the gases were at the same tem- 
perature in the different tubes, and that the experiment had thus 
far been carried on successfully by the water retaining its level 
at the same point in the tubese¢ of both sets. If that which 
had been in the sunshine was warmer than the other, as soon as 
the apertures coincided, a bubble of gas would have escaped 
through the water, or at all events the level would have changed. 
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It remained now to open the shutter of the dark room, the 
tubes having been previously set in such a position that the light 
would fall equally on both. As soon as this was done, the chlo- 
rine which had been exposed to the sun united at once with its 
hydrogen, and the water rose in the tube c. [But in the other, 
which had not been exposed to the sun, no movement took place, 
until the gases had had time to be affected by the light coming 
through the open shutter. 

When care has been taken to have the gases made quite dry, 
and owing to the narrowness of the tube c, no aqueous vapor 
has had time to contaminate the gas in B, so that no water is 
present to condense the chlorohydric acid as it forms; a little de- 
lay may be occasioned in the liquid rising in the tube, the chlo- 
rine of which was exposed to the sun. But, after a time, a mist 
arises in the neighborhood of the water in the narrow tube, due 
to the chlorohydric acid condensing, and then the process goes 
forward with regularity. 

It appears, therefore, that chlorine by exposure to the sun con- 
tracts a tendency to unite with hydrogen which is not possessed 
by chlorine which has been kept in the dark. 


On the Allotropism of Chlorine, or its passive and active states. 


In what then does this remarkable change impressed by indigo 
rays upon chlorine consist? ‘This is the question which immedi- 
ately arises from the phenomena we have had under considera- 
tion. 

To this I answer, that when chlorine has been thus influenced 
its electro-negative properties are exalted, and it has passed from 
an inactive to an active state. 

It is now fully established that a great number of the element- 
ary bodies undergo similar modifications. Many of them can 
exist in no less than three different states, and these peculiarities 
are impressed on the compounds to which they give rise. ‘To 
these peculiarities Berzelius has recently directed the attention 
of chemical philosophers in his paper “On the allotropism of 
simple bodies, and its relation with certain cases of isomerism in 
their combinations.” He shows that of the elementary bodies 
now inown, many undoubtedly exist in several allotropic states, 
and infers that all are liable to analogous modifications. He in- 
dicates that the isomerism of compound bodies is due, sometimes 
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to the different modes in which the atoms of which their con- 
stituent molecules consist are grouped, and sometimes to the 
different allotropic states in which one or the other of those ele- 
ments is found. Thus as M. Millon has remarked, the intrinsic 
difference between carburetted hydrogen gas (CH), and otto of 
roses (CH), which are isomeric bodies, may perhaps consist in 
this, that in the former the carbon is under the form of common 
charcoal, and in the latter under the form of diamond. 

The following instances from Berzelius may serve as exam- 
ples of these allotropic states. 

Carbon is known under three forms—charcoal, plumbago, and 
diamond. ‘They differ in specific gravity, in specific heat, and 
in their conducting power as respects caloric and electricity. In 
their relations to light, the one perfectly absorbs it, the second 
reflects it like a metal, the third transmits it like glass. In their 
relations with oxygen, they also differ surprisingly ; there are 
varieties of charcoal that spontaneously take fire in the air, but 
the diamond can only be burnt with difficulty at a high tempera- 
ture in pure oxygen gas. The second and third varieties do not 
belong to the same crystalline form. 

Silicium exists also under two forms. In its first it burns with 
facility in the air under a slight elevation of temperature. But, 
if it be previously exposed to a strong red heat, it changes into 
the second variety and becomes incombustible, so that it will not 
oxydize when placed with nitrate of potash in the hottest part of 
a blowpipe frame. As is well known, there are two forms of 
silicic acid ; one soluble in water and hydrochloric acid, but pass- 
ing into the insoluble state by being previously made red hot. 
The silicium therefore carries in its combination the same proper- 
ties that it exhibits in the free state. 

In the same manner it might be shown that sulphur, selenium, 
phosphorus, titanium, chromium, uranium, tin, iridium, osmium, 
copper, nickel, cobalt, and a variety of other bodies exist under 
several different forms, with distinctive properties that are often 
well marked. In several of them the influence of this allotropic 
condition is plainly carried into the compounds, as is well shown 
in the two varieties of arsenic which give rise to the two arseni- 
ous acids. 

The passage from one allotropic state to another takes place 
commonly through the agency of apparently very trivial causes, 
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such as a slight elevation of temperature and the contact of cer- 
tain bodies. Thus iron, which is so easily oxydized under ordi- 
nary circumstances, appears to lose its affinity for oxygen after 
it has been touched under the surface of nitric acid by a piece 
of platina. It then puts on the attributes of a noble metal, and 
simulates the properties of platina and gold. 

This remarkable instance of the passage from an active toa 
passive state, as Berzelius remarks, may lead to a conjecture re- 
specting the true condition of certain gases. No one can reflect 
on the inactivity of nitrogen gas under ordinary circumstances, 
contrasted with its equally extraordinary activity as a constituent 
of organic bodies, without being struck with the apparent con- 
nexion of that phenomenon with these of allotropism. And 
though Berzelius with his customary caution merely insinuates 
that nitrogen can ex‘st under two forms; the facts which are 
here developed in relation to chlorine appear to show that that 
opinion rests on something more solid than conjecture. The 
habitudes of many of the gaseous bodies strengthen this conclu- 
sion. Oxygen gas refuses to unite when mixed with hydrogen 
precisely in the manner of chlorine, and it requires a certain 
modification to be made in the electro-negative element before 
water or hydrochloric acid can result. 

Just therefore in the same manner that so many elementary 
bodies can put on under the influence of external causes an ac- 
tive or passive condition, I infer, as the final result of the exper- 
iments brought forward in this memoir, that chlorine is one of 
these allotropic bodies, having a double form of existence. ‘That, 
as commonly prepared, it is in its passive state; but that on ex- 
posure to the indigo rays, or other causes, it changes and assumes 
the active form. ‘That, in this latter state, its affinity for hydro- 
gen becomes so great that it decomposes water without difficulty, 
as in the experiment which this memoir is designed to illustrate. 


On the relation of the preceding conclusions with the theory of 
substitutions. 


Having thus explained the facts which appear to indicate the 
allotropism of chlorine, I shal! now offer some considerations 
on its connection with the theory of substitutions of M. Dumas. 

Admitting the fact that the electro-negative qualities of chlo- 
rine are exalted upon its exposure to the indigo rays, and that 
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the resulting effect is not a temporary thing, but one which lasts 
for a considerable period of time, as appears to be proved in the 
Philosophical Magazine, (July, 1844,) we can give a very plain 
and simple account of the decomposition of water by this gase- 
ous substance under the influence of sunshine. 

Upon the same principle that e mixture of chlorine and hydro- 
gen may be kept in the dark without union for a long time, so 
may a solution of chlorine in water be preserved. The chlorine 
is in an inactive state. 

But, if any thing is done to make the chlorine take on its other 
form and pass to the active condition ; if it be, for example, set in 
the sunshine, its affinity for hydrogen is exhibited, and decompo- 
sition is the result. 

The qualities thus communicated to the chlorine not being of 
a transient kind, but remaining for a length of time, we see how 
it is that after an exposure to the sun decomposition is subsequently 
carried forward in the dark. 

The indisposition of chlorine to unite with carbon, which has 
been regarded as a singular quality, is not more remarkable than 
its indisposition to unite with hydrogen in the dark. 

If the power which chlorine assumes of uniting with hydrogen 
and carbon depends on a change in its electrical relations,—a 
passage from the passive to the active state,—we might expect 
that those various causes which in the case of other elementary 
bodies bring about analogous changes, and throw them from one 
allotropic condition to another, would here also exercise a percept- 
ible action. Among such causes we may enumerate the action 
of a high temperature, and the contact or presence of other bodies. 

It may be remarked in the instances to which Berzelius has 
referred, that exposure to a high temperature is one of the most 
frequent causes of allotropic change. In the case of chlorine the 
remark holds good, for, as is well known, when a mixture of 
chlorine and hydrogen is passed through a red-hot tube, chloro- 
hydric acid forms with rapidity. The high temperature, there- 
fore, impresses upon chlorine the same tendency to unite with 
hydrogen which is communicated by the solar rays. 

But the contact of other bodies frequently determines in a given 
substance an allotropic change. Thus, when a piece of iron is 
placed in nitric acid in contact with platina, the iron becomes 
less electro-positive, or what is the same thing, more electro-neg- 
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ative than it was before, and the acid can no longer oxydize it. 
The contact of the very same substance, platina, determines an 
analogous change in chlorine,—giving it at once the capacity of 
uniting with hydrogen. ‘The porous condition of spongy platina 
is not essential to the result, for clean platina foil exhibits the 
same phenomenon. 

In the case of iron, the action of a high temperature or the 
contact of platina, throws the metal from the active to the passive 
state ; in the case of chlorine the same causes apparently produce 
the opposite result, throwing the gas from the passive to the active 
state. But the difference is rather in appearance than in reality. 
In both cases it amounts to the same thing, and is an exaltation 
of the electro-negative qualities of either substance respectively. 

The same causes, therefore, which produce allotropic changes 
in other bodies, produce analogous changes in chlorine. 

Now, among the physical facts connected with the theory of 
types and substitutions, two are prominent; Ist. The union of 
chlorine with hydrogen, giving rise to the removal of that hydro- 
gen as chlorohydric acid. 2d. The subsequent function dis- 
charged by the chlorine, which has entered as an integrant por- 
tion of the molecules, and occupies the place of the hydrogen 
removed. ‘This function is in many instances that of the hydro- 
gen itself, and it is this fact which is the remarkable point in the 
phenomena of substitution,—that an intensely electro-negative 
body can act the part of a positive body. It is this fact which is 
leading chemists to the conclusion that the properties of compound 
bodies arise as much from the mode of grouping of their constitu- 
ent atoms as from the qualities of those atoms themselves. 

But, if it be admitted that the experiments related in this me- 
moir establish the allotropism of chlorine, then it is plain that a 
very different and perhaps satisfactory account of the phenomena 
of substitution may be given. 

As has been already said, no difficulty can arise in accounting 
for the removal of hydrogen from organic bodies, or for the first 
fact just alluded to. This removal will ensue whenever processes 
are resorted to which bring the chlorine into an active state. 
When we expose acetic acid and chlorine to the sun, the latter 
becomes active, gains the quality of uniting with hydrogen, and 
chloroacetic acid forms. Probably the same change could be 
brought about by the aid of spongy platina and heat. 
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Upon the second fact,—the similarity of function discharged 
by the chlorine which has replaced the hydrogen atoms with the 
function of those atoms themselves,—a flood of light is thrown 
by other phenomena of allotropism. Ifa piece of iron be dipped 
in hydrated nitric acid, though it may be acted on for a few mo- 
ments, it rapidly becomes passive. And so with the chlorine 
atoms which have substituted the hydrogen. In the circum- 
stances in which they are placed they rapidly revert from the 
active to the passive state. ‘They are no longer endued with an 
intense electro-negative quality,—they have assumed the condi- 
tion of inactivity. The fact that chlorine in chloracetic acid 
simulates the functions of hydrogen in acetie acid, is not more 
remarkable than that iron touched by platina under nitric acid 
simulates the properties of that noble metal. 

Do not, therefore, these circumstances seem to point out, that 
if we admit the fact that simple substances can exist in different 
states, in a passive and an active form, the phenomena of substi- 
tution are deprived of much of their singularity. 

Thus, to recall once more the example to which I have before 
referred, and which has been so well illustrated by the researches 
of M. Dumas, the transmutation of acetic into chloracetic acid 
exhibits a double phenomenon. Ist. The existence of active 
chlorine, expressed by the removal of hydrogen, activity having 
been communicated by the rays of the sun, or by some other ap- 
propriate method. 2d. The existence of passive chlorine in the 
particles of chloracetic acid. 

I consider that were no other instances known, the two cases 
cited by Berzelius of the double forms of silicic acid and arse- 
nious acid establish the fact, that a given allotropic condition 
may be continued by an elementary atom when it goes into union 
with other bodies. And I regard the various cases in which hy- 
drogen is replaced by iodine, bromine, &c., in which, in the re- 
sulting compound, those energetic electro-negative elements fail 
to give any expression of their presence and activity, as analogous 
to other common and too much overlooked facts. Chlorine which 
is in the dark, may be kept in contact with hydrogen without 
exhibiting any of its latent energies. ‘Touched by an indigo ray, 
it instantly assumes the active state, and a violent explosion is the 


result. 
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To use, therefore, the same nomenclature to which Berzelius 
has resorted in the case of other allotropisms, we may designate 
the ordinary form of chlorine, made by the action of chlorohydric 
acid on peroxide of manganese, as Cl?; and admit that this passes 
into the condition Cle, by the action of the solar rays, contact of 
platina, or a high temperature. And that in any case of substi- 
tution the hydrogen is removed under the condition Cle, and the 
resulting compound contains Cl? ; the assumption of the passive 
state disguising the presence of the electro-negative atom. 

The explanation here given of the phenomena of substitutions 
involves the position that chlorine when brought in relation with 
carbon under certain circumstances is thrown into the passive 
state, the state Cl’. We naturally look for direct evidence that 
this is the case. It seems to me that there are many well known 
chemical facts which tend to establish the passive condition. In 
the first case to which we turn, the chlorides of carbon, the 
inactive state is established in a striking manner. ‘The affinity 
which exists between chlorine and carbon is apparently feeble ; 
yet when these bodies have once united, the chlorine is brought 
into such a condition that it has lost the quality of being detected 
by the ordinary tests which determine its presence. How strong- 
ly does this contrast with the case of chlorohydric acid ; a feeble 
affinity unites carbon and chlorine ; an intense affinity unites hy- 
drogen and chlorine; yet in the former case the chlorine is undis- 
coverable by the commonest tests, in the latter it yields to them 
all. And the causes are obvious,—in the one case it is in the 
passive, in the other in the active condition. 

I have hitherto spoken of the active and passive states as though 
they were fixed points in elementary bodies, and as though the 
transition from one to the other was abrupt and sudden. I have 
done this that the views here offered might be unembarrassed and 
distinct. But there are many facts which serve to show that the 
passage from a state of complete activity to a state of complete 
inactivity takes place through gradual steps. ‘Thus, in carbon 
itself, there are undoubtedly many intermediate stages between 
the almost spontaneously inflammable varieties and diamond, 
which, under common circumstances, is incombustible. Berze- 
lius admits three allotropic conditions of this body, Ca, C3, Cj. 
Between the first and last terms of this series it is probable that 
several intermediate bodies besides plumbago might be found ; 
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their existence establishing the gradual passage from one to the 
other state. 

For similar reasons, in this memoir, the illustrations and argu- 
ments given have for the most part been restricted to one sub- 
stance, chlorine. It need scarcely be pointed out, in conclusion, 
that if the views here offered are true, very much of this reason- 
ing may be transferred to other bodies, as oxygen, nitrogen, hy- 
drogen, sulphur, &c. When oxygen and hydrogen are mixed, 
there is no disposition exhibited by them to unite, and this does 
not arise from their happening to have the gaseous form. As in 
the instance we have been considering, if they are exposed toa 
high temperature, or to the influence of platina, the active condi- 
tion is assumed with promptitude, and union takes place. 

The power which carbon possesses of throwing bodies into a 
completely passive state is far from being limited to chlorine. It 
re-appears in the case of sulphur. The sulphuret of carbon yields 
to none of the tests to which we commonly resort for determining 
the presence of sulphur, for the simple reason that its sulphur is 
in an inactive state. This substance, moreover, serves to illus- 
trate what has been said of the gradual passage of bodies from a 
state of complete activity to one of complete inactivity. Berze- 
lius recognizes for it three different allotropic states; an alpha, 
beta, and gamma condition. In none of these is it in that condi- 
tion of absolute inactivity which it assumes in the sulphuret of 
carbon.* 

In offering these experiments and arguments to the considera- 
tion of chemists, | am fully aware of the magnitude of the change 
which would be impressed on the science generally, and espe- 
cially on several of our modern theories, by their reception. ‘The 
long established idea of the immutability of the properties of ele- 
mentary bodies would, to a certain extent, be sacrificed ; and it 
is probable that before these results are conceded, more cogent 
evidence of the main principle will be required. In the mean 
time, however, it is plain that the admission of these doctrines 
throws much light on theories now extensively attracting the at- 
tention of men of science, and for that reason they commend 


* For these examples,—the chloride and sulphuret of carbon, lam indebted to 

M. Millon’s paper, “ Remarks on the elements which compose organic substances, 

and on their mode of combination.””. Comptes Rendus, T. XIX, p. 79. That 


chemist, however, gives a very different explanation of the phenomena involved. 
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themselves to our consideration. I have offered no opinion here 
on the atomic mechanism which is involved in these changes 
from an active to a passive state, though it is impossible to deal 
with these things without the reflection arising in our minds, 
that here we are on the brink of an extensive system of evidence 
connected with the polarity of atoms,—an idea which, under a 
variety of forms, is now occurring in every department of natural 
philosophy. 


University of New York, July 20, 1545. 


Art. X.—Bibliographical Notices. 


l. Travels in North Americain the Years 1841-42, with Geological 
Observations on the United States, Canada, and Nova Scotia; by 
Lyett, Esq., R. S., Author of the Principles of Geology, 
&c. In two Vols. 18mo, pp. 251 and 231, with plates. New York, 
Wiley & Putnam, 1845.—These volumes have been looked for with 
much interest by all classes of readers in this country ; for while their 
author owes his reputation mainly to his scientific writings, he was also 
extensively known while here as an intelligent and highly educated 
English gentleman, who had opportunity and a disposition to observe 
the nature of American institutions and the state of society, as well as 
the relations of our rocks and their fossil contents. He has given the 
diary form to his travels, covering the period from July 20th, 1841, to 
Aug. 18th, 1842, during which time he was almost constantly on the 


wing, and actively engaged in geological observations. Sojourning in 


Boston, New York, and Philadelphia long enough to give a course of 


lectures on geology to audiences in each of those cities, to the first of 


which he was specially invited from England by the trustee of the 
** Lowell Institute,” a well known institution for popular instruction. 
No one interested in American geology can fail to give an attentive 
perusal to Mr. Lyell’s ‘* Geological Observations’”—they are found scat- 
tered through these volumes with a liberal hand, in the order of his 
line of route, and are drawn up in the direct and felicitous style, with 
which all readers of the “ Principles” and “ Elements” of the same 
author are already familiar, The volumes are illustrated by Mr. 
Bakewell’s bird’s-eye view of the Falls of Niagara, colored geologically 
—and exposing the relative position of the several beds composing the 


cliffs at Queenston and in the rocky gorge of the Niagara river. He 


1] 


rives also a fac simile of Father Hennepin’s view of the Falls as he 


g 


saw them two hundred years ago, with the remarkable third schute or 
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small fall transverse the British or Horse Shoe Fall, which has since 
disappeared ; (the same is given also in Mr. Hall’s Final Report of the 
Geology of New York.) The sections at the Falls, of Goat Island, the 
Summer House, and the strata along the Niagara river from Lake On- 
tario to Lake Erie are somewhat the same also that Mr. Hall has given 
in his Final Report above mentioned. At p. 205, Vol. I, is a good litho- 
graphic plate of the remains of fossil mammalia, found by Mr. L. at Mar- 
tha’s Vineyard in the tertiary cliffs of “Gay Head.” Vol. II is faced 
by a “ geological map of the United States, Canada,” &c., compiled by 
Mr. Lyell from various authorities which he cites in one corner of the 
map. We believe that Mr. Hall’s map of a portion of the same regions, in 
his Final Report and the present, are the only published geological maps 
of the United States since the one by Mr. Maclure in 1817. Although 
the present one is confessedly very imperfect in many important points, 
it is still a valuable addition to our previous knowledge, and must serve 
as a useful guide until we are supplied with a better. There are also 
many wood cuts to illustrate several passages in the text. 

Mr. Lyell’s route in this country was mainly as follows: from Boston 
through Springfield by Connecticut River to New Haven, where he 
made, in company with Dr. Percival, and the editors of this Journal 
and others, an excursion to some of the trap hills and sandstone beds 
of the southern part of the new red sandstone of the Connecticut val- 
ley; thence he went to New York, and by the Hudson to Albany. 
In company with Mr. Hall he crossed the state of New York and ex- 
amined for the first time the Falls of Niagara, (he was there again the 
next year;) he then went to western Pennsylvania, entering the coal 
region at Blossburg, and returning again via Seneca Lake and Geneva 
to Albany. He here rejoined Mr. Hall and examined two swamps in 
Albany and Green Counties, where mastodon remains have been found ; 
and after a tour to the Helderberg tosee the upper Silurian strata and study 
their fossils in Mr. Gebhard’s cabinet, he went to New York and Phila- 
delphia. Mr. Conrad here accompanied him in a jaunt to the creta- 
ceous strata of New Jersey, which occupied three days; and on their 
return, Prof. Henry D. Rogers conducted him through the anthracite 
formation of Pennsylvania, and explained the curious structure and origin 
of the Apalachian chain. He then returned to Boston, where he was 
occupied during the six weeks following (Oct. 14) in his course of geo- 
logical lectures before the Lowell Institute, making occasional excur- 
sions in the vicinity. From Boston he again returned to New Haven, 
and after a day’s excursion with several gentlemen acquainted with the 
localities to the fish beds at Durham, he passed rapidly south to spend the 
severer months of a northern winter in examining the tertiary of the south- 
ern states. After leaving Washington City he examined the eocene marls 
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of Schockoe Creek, near Richmond, and the miocene beds of James 
river below that city, in company with Mr. Ruffin, Jr., and descending 
the river he touched at Jamestown, Williamsburg and Norfolk, and 
passed rapidly on over the barrens of North Carolina and a corner of 
the ** Great Dismal” to Weldon and Wilmington, and thence by steamer 
to Charleston, S.C. Without at present stopping at Charleston he hasten- 
ed by railroad to Augusta, Ga. with the intention of examining the low 
country between the granitic region and the Atlantic, by following 
the course of the Savannah river from Augusta to Savannah, a distance 
of about two hundred and fifty miles. ‘This he did by making frequent 
stops wherever it appeared that the inducement was suflicient, as at 
Shell Bluff near Demerry’s Ferry, forty miles below Augusta, at Stony 
Bluff about seventy miles below where the “ Burr stone” rocks appear, 
belonging to the eocene tertiary formation. Col. Jones of Millhaven 
conducted him to Jacksonborough, and other places of interest to a 
geologist. From Millhaven he proceeded by land to Savannah, about 
one hundred miles, where he arrived ten days after leaving Augusta. 
The vicinity of Savannah afforded him industrious employment in ex- 
amining the mastodon and mylodon deposits at Heyner’s Bridge on the 
White Bluff river, and also at Beauly and Vernon rivers. Returning 
by sea to Charleston, Dr. Ravenel accompanied our tourist on an ex- 
cursion of a week up the Cooper river and Santee canal, where the 
mastodon and other interesting fossils were found abundantly when the 
canal was cut; they visited on this jaunt also the “* Lime Sinks” in the 
vicinity of Vance’s Ferry, the tertiary white marl and limestone of Cave 
Hall, the * Burr stone” on Stoudenmire Creek, and they returned to 
Charleston from Orangeburg by railroad. On his return north he stopped 
at Wilmington and collected eocene and miocene fossils, and visited sev- 
eral places on Cape Fear river, and at South Washington saw the same 
cretaceous beds containing Belemnites, &c. which appear in New Jersey, 
three hundred and fifty miles north. Mr. Ruffin and Mr. ‘Tuomey 
were his companions in fossilizing in the tertiary beds near Petersburg 
in Virginia, and at Washington City he had an interview with the lamented 
Nicollet, and saw the cretaceous fossils brought by that zealous explorer 
and eminent astronomer from the Upper Missouri. Six weeks were 
now spent (Feb. 1, 1842) at Philadelphia in delivering a ‘* short course” 
of geological lectures. Several weeks next succeeding were spent 
at New York in giving another course of lectures, during which Mr. 
Redfield accompanied him to Long Island while viewing the ancient 
and modern drift of that island. From New York he went again up the 
Hudson to view the greatly disturbed Silurian slates at Hudson City, and 
by railway to Chester and Westfield over the Taconic Mountains, com- 
posed of altered Silurian strata, out of which Dr. Emmons has con- 
structed his “ Taconic System.” 
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At Worcester he saw the plumbaginous anthracite and mica schist 
and clay slates, and then paid a visit to Prof. (now Pres.) Hitchcock at 
Amherst, in company with whom he saw some diluvial phenomena 
near Amherst, and at Smith’s Ferry near Northampton, they examined 
the red shales of the Connecticut, containing beautiful examples of fos- 
sil footprints; they ascend Mount Holyoke, and thence passed again 
to Boston, from which he made an excursion to the tertiary strata of 
Martha’s Vineyard, and at Gay Head he collected the head of a fossil 
walrus and several cetacean vertebra, sharks’ teeth, a tooth of a fossil 
seal, casts of shells, &c: also kidney shaped masses one or two inches 
in diameter, which on analysis by Mr. Middleton proved to be copro- 
lites, and contained over 50 per cent. of phosphate of lime. [He con- 
siders these strata as belonging to beds decidedly newer than the eocene, 
to which they have been referred. April 25th, he returned to Boston 
and attended the third annual meeting of the Association of American 
Geologists, &c., of which he makes honorable mention, and after its 
close he set out on a tour for the valley of the Ohio, and the country 
west of the Alleghany Mountains, via Philadelphia and the national 
road from Cumberland in Maryland, stopping at Frostburgh long enough 
to examine the interesting coal and iron regions so finely developed 
there, in company with Capt. Green and other gentlemen, residents of 
that place. He no sooner entered the great hydrographical basin of the 
Ohio, than he was astonished at the richness and extent of the coal 
seams developed there, and which he saw finely exposed at Browns- 
ville and Pittsburg. At Marietta, Dr. Hildreth conducted him to some 
of the interesting earthworks of the aborigines, as well as some of the 
uppermost beds of the coal measures, which he saw again at Pomeroy on 
his way to Cincinnati, where in company with Dr. John Locke he reas- 
cended the Olio a hundred miles to see the rocks corresponding with the 
old red sandstone, and for this purpose went on shore at Rockville, where 
the equivalent of the Waverly sandstone of New York is seen, but greatly 
diminished in volume. While at Cincinnati he saw the excellent cabi- 
nets of Messrs. Buchanan, Anthony and Clarke, and then examined the 
quarries of blue limestone about the city from which their most valuable 
specimens were obtained. Mr. Buchanan and Mr. J. G. Anthony were 
his guides on an excursion to Big Bone Lick in Kentucky, about thirty 
three miles from Cincinnati, so celebrated for the bones of the mas- 
todon as well as of many other extinct quadrupeds. 

The alluvial banks and the origin of the natural drift of Ohio en- 
gaged his particular attention. From Cincinnati he crossed the state 
of Ohio to Cleveland on Lake Erie, where Dr. Kirtland took him to 
Rockport and the Rocky River to see the “ lake ridges,” similar to the 
“ridge road” of Lake Ontario—visiting Fredonia, celebrated for its 
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natural supply of bicarburetted hydrogen gas used in illuminating the 
town; and from Buffalo he again visited Niagara, (June 5th, 1842,) 
and spent another industrious week in exploring its geology and ancient 
history, visiting for this purpose, Grand Island, Lewiston, St. Davids, 
and Queenston. (Some interesting results of this examination we 
must reserve to another occasion.) At Buffalo, Mr. Hayes showed 
him the diluvial furrows which the cherty limestone of that region has 
so well preserved. Leaving the United States he now visited Canada, 
touching at Toronto, Kingston, Montreal, Quebec, Three Rivers, and 
the Falls of Montmorency, at each of which places he made excursions 
and observations, accompanied by some resident gentlemen acquainted 
with the localities. He returned to the United States by La Prarie and 
Lake Champlain, and landed at Burlington in Vermont, where Prof. 
Benedict accompanied him to the falls of the Winooski, the boulder 
formation with shells at Port Kent, and the deep cleft formed by the 
Ausable River in the sandstone at Keesville, (Potsdam sandstone.) 
Crossing Vermont over the Green Mountains, he paid a visit to Prof. 
Hubbard at Dartmouth College in Hanover, N. H., and then returned 
to Boston by Concord, where he set sail on the 16th of July for Hal- 
ifax, in the Caledonia steamship. He spent a month in investigating 
the interesting geological features of New Brunswick and Nova Scotia, 
and some of the results of his explorations have already been published 
by us (Vol. xiv, p. 353-356) in reference to the interesting erect 
fossil trees in the coal seams at South Joggins, (Cumberland,) the coal 
formations, gypsum, and marine limestones of Nova Scotia. He gives 
in his present volume, lists of fossil plants found in the coal measures 
of Nova Scotia, as well as the fossils of the lower carboniferous or 
gypsiferous formations of the same district. 

It is plain from the foregoing itinerary, that Mr. Lyell made the best 
possible use of his time and opportunities while in this country ; and it 
is equally plain, that on nearly every occasion he availed himself of the 
aid of the best and most experienced American geologists in exploring 
the places visited by him. It is only in this way that any man, however 
eminent and skillful he may be, can hope to arrive at correct geological 
conclusions respecting regions which must be new to him—presenting at 
every step an endless succession of novel objects, and which have requir- 
ed, it may be, years of patient and laborious investigation on the part of 
his geological guides, before conclusions are obtained and enigmas of 
complicated structure solved, which they can convey toa well informed 
geologist in a few hours, or at most a few days, in the rapid progress of 
a traveller’s jaunt. Mr. Lyell could not in this respect have selected a 
more fortunate time to have informed himself about the geology of North 
America. Most of the state geological surveys were just closed, or 
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near their close, and the eminent and experienced gentlemen who had 
conducted them were still warm in the harness, and ready to aid so 
distinguished a stranger in directing his inquiries, and in comparing 
notes with him regarding some of their conclusions; and it was much 
to their honor that they were willing to impart freely that knowledge 
for which they had toiled so long. In carefully perusing Mr. L.’s vol- 
umes, we have marked those parts which seemed to us of the greatest 
interest to the geologist, and regret-that the limits of our present notice 
will not permit us to extract them—this we hope to do on a future 
occasion. 

We have said nothing of the views taken by our traveller of the 
social, moral, and political aspect of things here, because these matters 
belong rather to our literary neighbors. But we must say in one word, 
that we have never read the journal of an English tourist who has seen 
our institutions in so just a light, whose discriminations were more fair, 
and whose criticisms were better worth regarding. We were also 
equally instructed and gratified by remarks in chapter x111, on the state 
of education in the English universities—drawn out by what he saw 
of the general condition of educational institutions in this country. 

It has evidently been no part of his plan in composing these volumes, 
to acknowledge every act of civility or hospitality which he received 
while here; and in neglecting to do so, he has best consulted the feel- 
ings of those most concerned, who opened their houses, not that they 
might appear on a tourist’s pages, but that they might enjoy the society 
of an intelligent foreigner and his lady, who, whatever instruction or 
pleasure they might receive, were sure to return at least a full equivalent. 

Now that Mr. Lyell has shown to his fellow laborers at home the 
interest and practicability of a geological and observational tour in 
North America, we trust that his example may be followed by some 
of his distinguished countrymen, whose lives and fortunes are so freely 
devoted to the cause of science. 


2. On the Liquefaction and Solidification of Bodies generally ex- 
isting as Gases; by Micuaet Farapay, (from the Phil. Trans., 
1845, p. 155.)—In this paper Mr. Farapay has given greater extension 
to his former researches on this subject, (Phil. Trans., 1823, pp. 160 
—189,) has devised methods by which he has added six substances, 
usually gaseous, to the list of those which have been primarily obtained 
in the liquid state ; and has reduced seven, incfuding ammonia, nitrous 
oxyd and sulphuretted hydrogen, into the solid form, beside revising and 
correcting previous results regarding the tension of vapor, Wc. 

The gases were, as in fomer experiments, subjected to considerable 
mechanical pressure and great cold by methods which we will briefly 
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mention. ‘Two air-pumps fixed to a table afforded the pressure, the first 
pump had a piston of one inch diameter, and the second a piston only 
half an inch in diameter, and these were so associated that the first 
pump forced the gas into and through the valves of the second, and then 
the second could be employed to throw forward this gas, already con- 
densed to ten, fifieen, or twenty atmospheres, into its final recipient at 
a much higher pressure. 

The gases on their way from the gas-holders to the pump were made 
to pass through a coil of thin glass tube contained in a refrigerator of 
ice and salt, and consequently at the temperature of 0° Fahr., by 
which means any water they contained was effectually condensed. The 
conducting tubes were of green bottle glass, from § to } inch in diam- 
eter, and from ;'; to zy inch in thickness, they were connected by caps, 
and screws, and cocks, with the pumps, and great care was taken that all 
parts of the apparatus should be perfectly tight. ‘These tubes frequently 
sustained the pressures of fifty atmospheres in practice, and to prove their 
strength a hydrostatic pressure of one hundred and eighteen atmos- 
pheres was applied to one having an external diameter of 0°225 of an 
inch and 0-03 in thickness, without any fracture or any leak in the caps 
and cement; a tube having the thickness of 0°0175 of an inch and an 
external diameter of 0°24 of an inch, burst with a pressure of sixty 
seven atmospheres of fifteen pounds each to the square inch. One such 
as he formerly employed for generating gases under pressure, having 
an external diameter of 0°6 of an inch and a thickness of 0-035 of an 
inch, burst at twenty five atmospheres. The pressure gauge was as on 
former occasions a small tube of glass closed at one end, and having a 
cylinder of mercury moving init. The graduation was marked on the 
gauge in black varnish and also in Indian ink; the latter stood, but the 
former was dissolved in some of the gases. 

The cold bath in which the condensing tubes-were immersed was 
formed of THiLoriER’s mixture of solid carbonic acid and ether, contained 
in a porcelain capsule of four cubic inches or more, fitted into a similar 
dish somewhat larger with three or four folds of dry flannel intervening ; 
this bath continued from twenty to thirty minutes, retaining solid car- 
bonic acid the whole time, and gave indication by an alcohol thermom- 
eter made for the purpose, of the very low temperature of — 106° below 
0° Fahr. ; by placing the bath under an air-pump the temperature fell so 
low, on working the pump, as — 166° below 0°,* or 60° below the tempe- 


* Commencing with the temperature of —106°, as the exhaustion proceeded the 
temperature fell 64° in the first ten inches of the barometer’s rise, 84° in the next 
ten, (or from ten to twenty inches of the barometer,) 4° in the next ten inches, 6 
from twenty two to twenty four inches, 8° from twe nty six totwenty seven inches, 
7° in the next inch, 4° in the next, and 6° from 28° to 234°, when the mercury 
became stationary. 
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rature of the same bath in the air. The vapor of carbonic acid, .at 
this low temperature, given off from the bath, instead of having a press- 
ure of one atmosphere had only a pressure (tension) of =); of an at- 
mosphere or 11} inch of mercury. Carbonic acid mixed with ether is 
not more volatile at this temperature than water at the temperature of 
86° ; the ether was very fluid and the bath could be kept in good order 
for quarter of an hour. Mr. Farapay thinks that these temperatures 
are all about 5° or 6° below the truth. With dry carbonic acid under 
the pump, the barometer attached was raised to 29 inches, while the ex- 
ternal barometer was at 30 inches. Ingenious arrangements of appa- 
ratus were contrived, by which the condensing tubes could be submitted 
to this great cold under the air-pump receiver in vacuo, and the process 
of condensation examined in progess. 

As many gases condense at a less pressure than one atmosphere when 
submitted to the cold of a carbonic acid bath in air, they were easily 
reduced by sending them through small conducting tubes into tubular 
receivers placed in the cold bath, and by a little management to seal them 
up hermetically in their condensed state. In this manner chlorine, cy- 
anogen, ammonia, sulphuretted hydrogen, arseniuretted hydrogen, hy- 
driodie acid, hydrobromic acid, and even carbonic acid were obtained 
sealed up in tubes, in the liquid state, and euchlorine wag also secured 
in a tube receiver with a cap and screw plug. Mr. Appams furnished 
the liquid carbonic acid to Mr. Farapay in portions of 220 cubic inches 
each, which quantity produced carbonic snow enough for an active day’s 
experiments of twelve to fourteen hours; the snow was preserved ina 
triple arrangement of concentric glass cylinders and interposed flannel. 

Olefiant gas was condensed by the arrangements described, into a 
clear transparent fluid, but did not become solid even in the carbonic 
acid gas in vacuo ; the pressure of the vapor of this substance at — 103° 
Fahr. is singularly uncertain, being on different occasions and speci- 
mens, 3°7,8°7, 5and 6 atmospheres. This irregularity has not yet been 
resolved, but Mr. Farapay suggests that there may be two or more sub- 
stances physically and perhaps chemically different, in olefiant gas, and 
varying in proportion with the circumstances of heat, proportions of in- 
gredients and attending circumstances. ‘This fluid dissolves resin. 

Hydriodic acid is obtained as a solid at —60° Fahr., and then its vapor 
has a pressure of less than one atmosphere ; ata little higher temperature 
it becomes a liquid, and its vapor has then nearly one atmosphere of 
pressure. Asa solid it is perfectly clear, transparent, and colorless ; 
having fissures or cracks in it resembling those that run through ice. It 
dissolves the cap cement and bitumen of the gauge graduation, and ap- 
pears to act on fat as it leaked by the plug of the stop-cock with remark- 
able facility ; it also acts on the brass of the apparatus and the mercury in 
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the gauge. Tlence the following results of pressures and temperatures 
are to be considered only as approximations, viz. at 0° Fahr. pressure 
was 2°9 atmospheres ; at 30°, 3°97 atmospheres; and at 60°, 5°86 at- 
mospheres. 

Hydrobromic acid, prepared from the perbromide of phosphorus, 
condensed into a clear liquid at 100° below 0°, or lower—and has not 
the pressure of one atmosphere at the temperature of the carbonic acid 
bath in air. Its elastic force is less than that of muriatic acid, but it 
obstructs the motion of the mercury in the gauge, so that its results 
could not be relied on. At and below 124°, it is a solid, transparent, 
crystalline body. It melts at 124°, but does not freeze until reduced 
much lower than this. 

Fluosilicon, was liquefied under a pressure of about nine atmospheres, 
at the temperature of 160° below 0°, and was then clear, transparent, col- 
orless and very fluid, like hot ether. It did not solidify. It acted on 
the lubricating fat of the stop-cock and caused some leakage, and 
there was no liquid in the tube at common temperatures ; but when 
cooled to 32° some fluid appeared, and a bath of ice and snow caused a 
still more abundant condensation. 

Phosphuretted hydrogen.—This gas was carefully prepared to free 
it from phosphorus, and cooled to 0°, to free it from water, and by 
these means a pure, clear, colorless, transparent and very limpid 
fluid appeared, which could not be solidified by any temperature applicd, 
and which, when the pressure was taken off, immediately rose again in the 
form of gas. There seemed, from the mode of its behavior, to be another 
gas present, not so condensable as phosphuretted hydrogen, which may 
perhaps be either another phosphuretted hydrogen or hydrogen itself. 

Fluoboron, like fluosilicon, required the lowest temperature to reduce 
it to the fluid state, when it was a very limpid, colorless, clear fluid, 
showing no signs of solidification, but when at the lowest temperature 
mobile as hot ether. 

The foregoing are, it is believed, new results of the liquefaction and 
solidification of gases. The following have been before made liquid, 
but some additional facts are now stated. 

Muriatic acid did not freeze at the lowest temperature ; the liquid 
dissolves bitumen and softens the resinous cap cement. At — 100° its 
pressure is 1-80 atmospheres, at —92° 2°28, at —83° 2:90, at — 53° 5°83, 
at —33° 8:53, at 22° 10°66, and at —5° 13°88, at 28° 23-08, at 32° 
26°20; the result formerly obtained was 40 atmospheres at 50° Fahr. 

Sulphurous acid becomes a crystalline, transparent, colorless solid, 
at 105° Fahr.; when partly frozen the crystals are well formed. This 
solid is heavier than the liquid acid, and sinks freely in it; at 14° Fahr. 
its pressure is one atmosphere, at 32° 1°53, and at 100° 5°16 atmos- 
pheres. 
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Sulphuretted hydrogen, was solidified at 122° below 0° Fahr., and is 
then a white crystalline, translucent substance, not remaining clear, and 
transparent, in the solid state, like water, carbonic acid, and nitrous 
oxide, but forming a mass of confused crystals like common salt, or 
nitrate of ammonia, solidified from the melted state. It fuses at tem- 
peratures above — 122° and the solid part sinks freely in the fluid, in- 
dicating that it is considerably heated. The tension of its vapor is at 
—100° 1-02 atmospheres, at —58° 2 atmospheres, at 0° 6°10, and at 
52° 14:60. 

Carbonic acid, when the snow of Tu1Lorier is melted (at —72° Fahr.) 
and re-solidified by a bath of low temperature, appears asa clear trans- 
parent, crystalline, colorless body, like ice—so clear as to deceive the 
eye ; it is heavier than the fluid bathing it, and has at —70° or —72°a 
pressure of 5°33 atmospheres. M. CaGniarpD pE La Tour has shown 
that, at a certain temperature, and under a sufficient pressure, a liquid 
becomes clear transparent vapor, or gas, having the same bulk as the 
liquid. At this temperature, or one a little higher, it is not likely that 
any additional pressure, however great, would convert the gas into a 
liquid. Mr. Faraday thinks that this state comes on with carbonic acid 
at about 90° Fahr. Mr. F. obtained the following pressures from car- 
bonic acid by his recent experiments : 


Fahr. Atmospheres. Fahr. -Itmospheres. 
—111° 1-14 — 15° 17°80 
— 107 1:36 0 22°84 
— 95 2°28 4 21:48 
— 83 3°60 5 24°75 
— 7 4°60 10 26°84 
— 56 7°70 29:09 
— 34 12°50 23 33°15 
— 2X 15°45 32 38°50 


Euchlorine is easily converted into a solid crystalline body, having 
the color and general appearance of bichromate of potassa. At 75° 
below 0° it melts into an orange-red fluid, in which the solid part sinks. 
It gives off no vapor when solid. 

Nitrous oxide was obtained as a beautiful, clear, crystalline solid at 
about —150°, and then had a pressure of less than one atmosphere. 
The cold produced by its evaporation is very great, and in certain cases 
itseems probable that this substance may be employed in procuring 
degrees of cold far below any yet obtained. Its vapor has the same 
irregularity of pressure, which was found in olefiant gas, and it seems 
probable that two substances are present, one more volatile than the 
other. At —40° its pressure is 10°20, at 0° 19-05, at 30° 35°82 atmos- 
pheres respectively. 
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Cyanogen had been previously made solid by Bunsen ; the solid melts 
at —30°; one volume of the liquid gas at 63° gave 393-9 volumes at 
the same temperature, and the thermom. barometer 30°2 inches. ‘This 
gives the specific gravity of the liquid as 0-866, if 100 cubic inches be 
considered as weighing 55°5 grains. Its tension at 0° is 1-25, at 32° 
2-37, at 103° 7:50 atmospheres. 

Ammonia may be obtained as a white, translucent, crystalline sub- 
stance, melting at 103° below 0°, at which point the solid is heavier 
than the liquid. The specific gravity of the liquid is 0-531 at 60°. Its 
tension at 0° is 2°48, at 32° 4-44, at 60° 6-90, at 83° 10 atmospheres. 

Arseniuretted hydrogen was not solidified at —166° ; chlorine, ether, 
alcohol, sulphuret of carbon, caoutchoucine, camphine or rectified oil 
of turpentine, did not freeze at —166°. Hydrogen oxygen, nitrogen, 
nitric oxide, carbonic oxide and coal gas, did not liquefy at —166°, when 
subjected to 27°27, 50°50, 40 and 32 atmospheres of pressure respect- 
ively. Hydrogen gas leaked freely at a pressure of twenty seven at- 
mospheres in an apparatus which was tight with nitrogen at 50 atmos- 
pheres. No degree of mere pressure has ever yet solidified a liquid, 
and when a greater degree of cold can be commanded than at present, 
(as may be done with nitrous oxide,) it is probable that other gases may 


be liquefied. 


3. On the Geological Constitution of the Altai; by M. P. de Tcnt- 
HATCHEFF.—This elaborate memoir has been reported upon at length 
and with high commendation, before the Royal Academy of Sciences 
at Paris, by Brongniart, Dufrenoy and Elie de Beaumont, and their 
report is published in the Comptes Rendus, vol. xx, May, 1845. From 
its pages we cite the following. The Russian Altai chain occupies an 
area about four times that of Switzerland, and has a curving direction, 
with the convexity of the curve turned to the southwest. On the south, 
as Humboldt states, the older formations of the Asiatic continent prevail, 
while within the curvature there is a vast area of ancient diluvial de- 
posits. The chain as laid down by M. Tchihatcheff continues to the 
China coast, following the course of the river Yenissei. The general 
statement just made, for the most part holds true also of this eastern 
portion. The contour of the ridges is generally rounded, owing to 
the predominance of schistose rocks. Porphyry and granite are com- 
mon, and serpentine occurs in some places ; but gneiss is met with only as 
a variety of granite. The stratified rocks are mostly of the Silurian and 
older formations. The carboniferous formation was distinguished at 
three localities—near Rydersk, Tyrianoosk and Salair. M. Tchihat- 
cheff distinguishes two grand systems of ranges—one the occidental 
Altai, running from N. W. toS. E.; and the other the oriental Altai, from 
N. E. toS.W. The highest peak, Belouhha, called also the columns of 
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Katoune, is 12,789 fect (English) in height, and stands nearly at the 
intersection of the two systems, just as Mt. Blanc stands at the inter- 


section of corresponding systems in the Alps. ‘The oriental chain is 
parallel in position with the principal Madagascar and African ranges. 


4. Whitney's Translation of Berzclius on the Blowpipe.—(Die An- 
wendung des Lothrohrs in der Chemie und Mineralogie von J. Jacob 
Berzelius. Vierte verbesserte Auflage mit 4 Kupfertaflen. Niiren- 
berg, verlag von Johann Leonhard Schrag. 1844.)—The use of the 
Blowpipe in Chemistry and Mineralogy. By J. J. Berzevivs. Trans- 
lated from the 4th enlarged and corrected edition; by J. D. Wairney. 
Boston, 1845. 12mo. pp. 237. J. D. Ticknor. With plates. 

A well executed translation of Berzelius’s long celebrated work on 
the blowpipe, is a most acceptable addition to the library of every 
chemist and mineralogist. 

Mr. Whitney has presented us with such an one, and the mere an- 
nouncement of the fact is all that is required to insure its general adop- 
tion. With the high character of the work all are too well acquainted 
to need any information on this point at our hands. There can be no 
doubt, that the timely appearance of this translation will materially aid the 
progress of mineralogical and chemical science in this country. 


5. Fownes’ Chemistry for Students—(A Manual of Elementary 
Chemistry, theoretical and practical. By Georce Fownes, Ph. D., &c. 
London, 1845. 12mo. pp. 566. Also an American edition, by Dr. 
Rozsert Brinces of Philadelphia. Lea & Blanchard.) 

Dr. Fownes, by his Actonian prize essay, is already favorably known 
to the general reader as an author; this pleasing production having 
been extensively circulated in this country. The present work occu- 
pics an important middle ground between the more extensive systems 
of higher cost, and the numerous throng of chemical text books of minor 
range. It is perspicuous in style, and in the main well digested. 
Some of its arrangements of topics might be fairly criticised on any 
accepted principles of classification, but on the whole it will be found 
a most valuable book. The organic portion is particularly well exe- 
cuted, and much fuller than is usual in books of equal volume. 


6. Lieut. Wright’s Treatise on Mortars.—(A brief Practical 'Trea- 
tise on Mortars: with an account of the processes employed at the 
public works in Boston harbor. By. Lt. W. H. Wricut, U. S. corps 
of engineers. Boston, W. D. Ticknor & Co. 1845. 12mo. pp. 148. 
With 7 plates.) 

This very useful little volume is evidently the result of practical ex- 
perience in the art of construction; it is lucid in arrangement, sufli- 
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ciently full in detail, and well composed. He considers first the calca- 
reous minerals, and the limes which they furnish. Next, the various 
materials employed in the preparation of mortars—in this chapter un- 
der the head of sand, he says, (p. 25, Art. 53,) “ sand performs no 
chemical part in mortars, but is entirely passive in its influences,” &c. 
This seems to us too broad an assertion, as it is by no means certain that 
caustic lime does not form a combination with the silica of fine sand in 
mortar, and this circumstance (the formation of an insoluble silicate) may 
exert an influence in the final consolidation of calcareous cements. 
This does not interfere with the generally accepted opinion, that mor- 
tars owe their chief consistency to the gradual conversion of the lime 
into carbonate. 

The general composition of mortars and their resistance ; the fabri- 
cation of limes in the large way ; the preparation and application of 
various kinds of mortars; concrete and some of its applications, and 
the theory of the solidification of mortars—are made the subjects of 
distinct chapters, all of which contain interesting and important infor- 
mation ; but the last, especially, commends itself to the attention of 
chemists, as embracing some curious and valuable results obtained by 
Lt. Kendrick of the artillery, and Assistant Professor of chemistry at 
West Point Military Academy. These researches had for their object 
to determine the cause or causes of the hydraulic powers of certain 
cements—a question which has had many proposed solutions. Berg- 
man and Guyton de Morveau, who were the first to investigate this 
subject, attributed the hydraulic power to the presence of a minute 
quantity of oxide of manganese in the limestones from which the spe- 
cimens examined by them were obtained. 

“‘ Mr. Smeaton, an English engineer, had remarked however as early 
as 1756, the curious fact, that the existence of clay in a calcareous 
stone, gave it the property of indurating under water; and Saussure 
discovered that the lime of Chamouni, though entirely without manga- 
nese, was nevertheless hydraulic, and with reason inferred, that this 
property depended on the clay which existed in the lime. Subsequent 
researches confirmed this opinion. In 1817, M. Vicat (a well known 
writer on cements) formed hydraulic cements synthetically, by cal- 
cining mixtures of common lime and clay. His experiments proved 
that clay imparted hydraulic properties to lime, and manufactories 
were established for making water cements by the mixture of the two 
substances. 

In Lt. Kendrick’s experiments the pure ingredients of each compo- 
sition were thoroughly mixed by the mortar and pestle, and in the pro- 
portions stated in the table. If lime or magnesia was used, it was 
previously slacked with hot water; if the carbonate of either was em- 
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ployed, it was moistened, and the material subsequently heated in pla- 
tinum crucibles, open, but in a close stove. The comparative hard- 
ness was ascertained by a test needle »', of an inch in diameter, which 
was held firmly in a vertical position, and the specimens were submit- 
ted to trial without beirg removed from the vessel containing them. 

The following is Lt. Kendrick’s table of results, with some unim- 
portant omissions. 


| | | | 
=| « | Resistance in pounds, after | 
6 2 = | | | 
| Ibs.) lbs. | Ibs. | Ibs. Ibs. | 
1 | 3 low-red 2 45) 1 4% 10 | 
2 5 “ {2 30; 3} 2°75; 7 950) 10 
3 red (3 5 | | 
4 56°60 | 5 highest |5 | 116 | 2-75) 7 9°50 
77 | red 30; | 7 16 
“ 1230) | 3°75) 475 | 5:50 | 
“ 1345) |18 250} 9 11 (23 
1330] [4 |17 | 
1160 “ 45'1/)1 3 6°50 16 28 
{2}; « |4) | 150525 7 |8 
7 | 30/4) 20013 16 | 
“ | 2) | 350 
6 | | « bf fia] 12 |20 92° | 
200 “ | 7 15 17-50 
50| | 1 30/17 (24 
; | 45:23 126 | 
200 | « 30' | 30:17 5 | 
200 45,1] | 6°50 16 } 
5 | 67 | “ 18 (16 
21 25 100 3:50; | 
29 10 } 29; 116 (21 | 
23 119°50) 80°50 low-red 4 | | 
24 11950) 80°50, red 38 
25 119°50| 80°50, [highest 
2% 6 12 | 78 | | red 23: 6 | 
27 150 j100 | | « 23 
28 i00 {60 | highest! 20 | | 
29} 8-10) 3°70 100 60 llow-red| 4:50) 
30, & 10) 3:70 100 60 red 30) 1 2 
31) 8:10} 3:70 100} 60 highest} 20 1/14 
32 140 | | red 27; | | 
32/25 110 140 | | 4 12 
34) 60 180 highest | 30 10 
35) 75 150 30 10 
36 58 140 } 1 | 11 
37) 53-60 46-40 200 30) | 155 24 
38) 53-60 46°40 100 * 30 14 8 
39 50°53) 16-42 200 “ | ; | 8 
1) 37°75 32-25 83°60, 5640) | 30 12 | 20 
11 10 00 | 30) 1 | 
12 150 \100 | | ged | 


“In addition to the above, a series of experiments was performed by 
Lt. Kendrick, with the view of testing the hydraulic virtues of the oz- 
ide of manganese, but in no instance, where this substance was mingled 
with pure lime, did he succeed in obtaining any good result, nor was he 
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more fortunate in substituting pure magnesia in the place of the oxide 
of manganese ; as appears from the table, Nos. 23, 24, 25, 27, 28, 42. 

** The positive results exhibited in the table, are more to be relied on 
and lead to more safe conclusions. ‘The examination of them shows : 

** Ist. That silica and lime employed together, without any other ad- 
mixture, will give a hydraulic compound. Nos. 3, 8, 9, 11, 13, 34, 
35, 36. 

© 2d. That silica, alumina and lime will produce an equally energetic 
composition. Nos. 1, 4, 6, 7, 16, 37, 38, 39. In some respects, the 
addition of alumina improves the mixture. Being insoluble in water, 
it protects the outer portions of the lime from solution, until the union 
of the latter with the silica is effected, and prevents the free permeation 
of water through the mortar, which might greatly injure its quality. 

** 3d. That silica, alumina and magnesia, will form a good hydraulic 
compound, without the addition of lime, Nos. 10, 17, 18, 19. 

* This fact may account for the existence of hydraulic qualities in 
the native carbonate of magnesia, which, like the carbonate of lime, 
may frequently contain a portion of clay in its composition. 

“4th. That silica, lime and magnesia give a better hydraulic result 
than silica and lime, Nos. 11, 12, 13, 14. This probably arises from 
the formation of double silicates, the silicic acid uniting with both lime 


and magnesia. 
* Nos. 21, 22, 41, exhibit surprising results, and lead to the inference 


9 
which is generally deducible from the table, that the induration of 
hydraulic mortars is not to be ascribed to any one agent, nor ever to 
precisely the same causes; though, in most cases, it is owing to the 
formation of a silicate. 

“‘ With the view of discovering (says Lt. Wright) the constituents of 
some of our hydraulic limes, I submitted for analysis to Dr. Jackson of 
Boston, two specimens of limestone, obtained from different localities 
and possessed of different properties. ‘They both furnish after calcina- 
tion, products, which it is necessary to pulverize, in order to prepare 
them for use, and are both known in commerce as hydraulic cements ; 
one called Barnes’ Connecticut cement, from Southington, Conn., the 
other Lawrence’s Rosendale cement, from the vicinity of Rondout, 
New York. 

“*The second is esteemed the best cement for use, setting in five 
minutes after immersion in water. 

* The results of the two analyses were as follows :—One hundred 
grains of the Connecticut cement, being thoroughly dried at 212° F. 


yielded on chemical analysis— 
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Siliceous and ferruginous sand,* 8°780 grs. 
Silicic acid, 23°620 2°275 
Carbonic acid, ‘ 8-000 5° 788 | 18-135. 
Sulphuric acid, . 0-137 0-072 
Lime, . ‘ 47°285 281 ) 
Alumina, ‘ . 2°941 
Peroxide of i iron, 3°260 0:998 
Magnesia, . « « 1920 0-760 ¢ 18°190. 
Manganese (oxide of), . 0-100 0-077 
Potash, . ‘ 0-792 0°133 

100-014 4 

‘014 gain, ashes. 
100-000 


Oxygen of the acids=18°135 
Oxygen of the bases= 18-190 


“One hundred grains of the Rosendale cement yielded, on analysis, as 


follows — 


Oxygen. 
Silicie acid, . 18°170 grs. con. 9-439 
Sulphuric acid, . 1-000 0:598 > 12-93. 
Carbonic acid, . 4000 2-893 
Lime, ‘ ° 44970 12°630 
Magnesia, 19-080 7°360 
Alumina, . 5-500 2-565 
Peroxide of iron, . 1501 
Oxide of manganese, . ‘ 1-000 0°464 > 12-291. 
Potash, . 0-673 0-114 | 
99-931 
The oxygen of the acids is, 12-930 
lime is, 12-630 
“other bases is, 12°291 


“From which it would seem that bibasic compounds are formed when 
the cement sets. 

“On comparing the analyses with each other, it appears that the chief 
constituents of the Connecticut cement are silica and lime, whereas a 
large proportion of magnesia enters into the composition of the Rosen- 
dale. The inference suggested by the results of the table is thus 
strengthened by those of the analyses, viz. that the increased energy of 
the latter cement may be ascribed to the formation of double silicates. 

“‘Dr. Jackson, who has performed many experiments with hydraulic 
mixtures, informs me, that the oxide of manganese will answer the same 


* The sand is not in chemical combination, but is mechanically mixed with the 
other ingredients of the cement. 
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purpose as magnesia: which is not surprising, as the two substances are 
isomorphous. 

* Prof. W. B. Rogers, of the University of Virginia, has analyzed 
within the last six years upwards of a hundred specimens of cement 
rocks derived from the carboniferous and Apalachian series of Vir- 
ginia and other states ; and he believes the cause of the solidification 
of the products, obtained by calcining both those classes of rocks, to 
be the formation of silicates: in the former chiefly those of lime and 
oxide of iron; in the strikingly hydraulic Apalachian limestones, those 
of lime and magnesia.” 

In Vol. xtv1, p. 30, we have given from Dr. Beck’s Report on the Min- 
eralogy of New York, a table of analyses of the hydraulic limestone 
of that state, together with some general remarks on this subject. 


7. Dissertation on a Natural System of Chemical Classification ; by 
Otiver Wotcott Gisss, of the city of New York.—In this work the 
author proposes a new and complete system of chemical classification 
for the elementary bodies founded on their analogies, in crystalline 
form or isomorphism, their relations to each other in their mode of 
combination and the molecular type of their compounds. 

He remarks, * Between the fifty six elements to which all matter has 
been resolved, there exist numerous remarkable analogies which separate 
them first into subordinate natural families or groups, and then by gen- 
eral, though not indistinct resemblances, unite them into one indissoluble 
chain, each link of which differs in degree rather than in kind from its 
fellow on either side, so that the whole illustrates, in unorganized nature, 
the truth of the maxim of Linnzeus—‘ Natura non facit saltum’—Na- 
ture makes no leaps. And this, then, we assume as the fundamental 
idea and central point of our essay ; namely that this law of grades, 
which Linnzeus announced for the organized kingdom alone, is an uni- 
versal law, and prevails as well among shapeless atoms as among living 
beings, and in the simplest crystals as well as in the innumerable com- 
plex forms in which life outwardly manifests itself.” 

The author here alludes to some of the points in which analogies 
may be shown to exist; and first, the relations which exist between 
the equivalents of bodies, which are such that a natural group of ele- 
ments have generally either the same equivalent, or else the relation of 
their equivalent numbers may be expressed by a very simple relation. 
This resemblance is too marked and general to be regarded as mere 
coincidence. 

‘“‘If we admit that the specific gravities of bodies represent the rel- 
ative weights of equal bulks, it follows, that if we divide the specific 
gravities by the atomic weights, we obtain the relative numbers of 
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equivalents, which different substances contain under the same bulk or 
volume; these have been called the atomic numbers, and we find the 
atomic numbers of the elements are often connected by simple ratios, 
and that substances of the same natural group have usually the same 
number of equivalents contained under the same volume.” 

The combining volumes of substances have evidently an important 
relation to the atomic numbers, as also the atomic volumes, obtained by 
dividing the equivalent weights by the specific gravities, and which may 
be considered as expressing the relative volumes of their atoms. 

Another and very interesting point, is that of resemblance in crystal- 
line form, for we find asa general rule, that those bodies closely resem- 
bling each other in chemical properties have the same crystalline form. 

Late researches have tended to confirm the law announced by Dulong 
and Petit, that the specific heats of equivalent weights of bodies are 
equal, or are connected by simple multiples. 

But to come to the classification itself. ‘The elementary bodies are 
divided into fourteen classes, of which we can say little more than to 
mention their names. 

The first group embraces eight members. Oxygen, sulphur, selenium, 
tellurium, chlorine, bromine, iodine and fluorine. These are connected 
by their strong affinities for the substances of the other groups, by the 
fact that any one of them may replace another, wholly or in part, in 
any compound without altering its molecular type, and without altering 
in kind its chemical relations. Very close relations are also observed 
between their equivalents and atomic volumes, and several of them are 
connected by isomorphism. They are also the most highly electro-neg- 
ative of all substances. 

The second group consists of nitrogen, phosphorus, arsenic and an- 
timony. 

The third of hydrogen, zinc, cadmium, and magnesium ; the salts of 
the three last are well known to be isomorphous, and Dr. Kane has point- 
ed out a close resemblance between the compounds of zinc and hydro- 
gen, so that it is not improbable that if hydrogen could be sufficiently 
condensed it would appear as a metal. 

The fourth is composed of iron, manganese, chromium, cobalt, and 
nickel ; the natural resemblances are pointed out in a clear and forcible 
manner, but our limits will not permit us to give any thing more than the. 
groups and the substances composing them. 

The fifth consists of aluminum, glucinum, and zirconium. 

The sixth of molybdenum, tungsten, vanadium and columbium. 

The seventh group comprises copper, mercury, bismuth and palladium. 

The eighth is composed of barium, strontium, calcium, lead and silver. 

The ninth group consists of platinum, titanium, iridium and osmium. 

The tenth embraces gold, uranium, rhodium and tin. 
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The eleventh comprises potassium, sodium and lithium. 

The twelfth consists of yttrium and thorium. 

The thirteenth of cerium, latanium, didymium, erbium and terbium. 

The fourteenth comprises carbon, boron and silicon. The author 
proposes to reduce the received equivalent of boron and silicon by one 
third, and thus assimilate their acids in constitution to carbonic acid; thus 
CO., BO,, and SiO,, and certainly, the general analogy of boracic 
and silicic acids, to the carbonic, in their chemical relations, and the 
great simplification which it would introduce in our views of the com- 
position of the natural silicates, appear to offer some ground for the pro- 
posed change. 

The arrangement of the compounds is one obviously growing out of 
the system adopted for the elements, and we will only mention the prin- 
ciples of his classification. 

** Ist. The compounds of the members of group first with one an- 
other are arranged according to their molecular type. 

*©2d. The compounds of the members of any other group than group 
first, with the members of group first, are arranged together in groups 
according to molecular types principally, and according to isomorphism 
wherever isomorphisms exist.”* 

Although we have presented but an imperfect outline of Mr. Gibbs’s 
principles of arrangement, we may safely say that he has ably shown the 
gradation by which the different substances are united to each other, and 
fully vindicated the motto of his essay, ‘* Natura non facit saltum.” 


8. New Books Received.—Among numerous, interesting, and im- 
portant works on our table, we have space in this number to note the 
titles only of the following : 

I. A History of Fossil Insects in the Secondary Rocks of England, 
accompanied by a particular account of the strata in which they occur, 
and of the circumstances connected with their preservation. By Rev. 
Perer B. Bropie, M. A., F. G.S. 8vo., pp. 130, plates 11. London, 
J. Van Voorst. 1845. 

Il. Report intended to illustrate a map of the hydrographical basin of 
the upper Mississippi River, made by (the late) J. N. Nicotier while 
in employ under the Bureau of the corps of topographical engineers. 
Washington, 1843. (With a large map.) 

Ill. The Encyclopedia of Chemistry, theoretical and practical ; pre- 
senting a complete and extended view of the present state of chemical 
science. Part IX, ending with cobalt. pp. 464. 

IV. North American Sylva: Micnavx and Nurtatt. Vol. IV, 2d 
half, royal 8vo. pp. 57 to 136. 23 plates. 


* Mr. Gibbs acknowledged his indebtedness to Drs. Kane and Graham, for the 
aid he has derived from their published suggestions on this subject. 
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MISCELLANIES. 
FOREIGN AND DOMESTIC. 


1. On the Hypothesis of Electric Currents in the Nerves; by M. Mart- 
treucct.—Never having been able, in our former experiments, to establish, 
by aid of the galvanometer, the existence of electric currents in the brain, 
the spinal cord, or in the nerves of the dog, the rabbit, and the frog, we 
wished to make a new trial on an animal of large stature, (the horse,) 
hoping by this means to place ourselves in the most favorable condition for 
researches of this kind. 

The galvanometer which we employed in these new experiments was 
constructed by Rumkorff, and was extremely sensible; the conducting 
wire, making two thousand five hundred convolutions, was furnished at 
each of its extremities with a platinum plate, fixed on an ivory handle, 
and so varnished as to leave only a square centimetre of its surface ex- 
posed. ‘The needle made one oscillation in seventy seconds. 

Before applying the two platinum plates to the nervous parts, they were 
immersed in spring-water for a very long time, and until the signs of the 
current, which are always observed at the first immersion, had completely 
disappeared. 

These precautions having been taken, and the live horse having been 
thrown down upon a table, its sciatic nerve was insulated from the neigh- 
boring muscles (by means of varnished silk) for a length of thirty or forty 
centimétres, (upwards of one foot,) was carefully wiped, and left in com- 
munication with the cerebro-spinal axis. 

After being well assured that the needle constantly remained at zero, 
although either one or other of the platinum plates was removed from 
the water and alternately reimmersed, the plates were placed in contact, 
first with the surface of the sciatic, then, after the neurilemma had been 
removed, with different points of this voluminous nerve. 

The interval of deviation, namely, the distance comprised between the 
two plates, being at first 3 or 4 cent., the needle sometimes remained at 
zero, and at other times deviated several degrees, soon returning to zero. 
This interval having been suddenly extended to 15 cent., the deviation 
ought to have been notably increased, in the same direction, if electric 
currents existed in the nerves. ‘There was nothing; or rather the needle 
did not deviate to a greater number of degrees than in the preceding case, 
and its deviation was still only momentary, or else was entirely wanting. 

It is important to bear in mind that during the continuance of these 
experiments, in consequence of the pain which was voluntarily excited in 
the animal, its posterior train was the seat of energetic and repeated efforts, 
and that, consequently, the extremities of the galvanometer were put into 
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communication with the sciatic nerve at the very moment when it was 
transmitting the exciting influence to the muscles of the thigh and leg. 

If, by varying our trials, we have occasionally perceived a very sensible 
deviation of the needle, it is important to notice that this deviation did not 
change in direction, although the contacts were inverted; that, moreover, 
it so occurred every time that the nerve was touched simultaneously with 
the two plates of the galvanometer. At the moment when these plates 
were successively plunged into water deviations were also obtained, which 
did not differ from those that are observed on inserting the extremities of 
the instrument in the nerve itself. 

Bearing in mind the extreme sensibility of our galvanometer, the favor- 
able condition of the experiment, and the precautions which we have 
taken, we think we are authorized in concluding that there does not exist 
any trace of electric currents in the nerves of living animals appreciable 
by the instruments we at present possess. In addition we may add, that 
our previous researches had already conducted us to the same conclusion. 
—Elect. Mag. Vol. I, 1845, p. 495—497. 


2. New Researches on Animal Electricity: on the Muscular Current, 
and on the Proper Current; by M. Marreucct. (Compt. Rend., April, 
1845.)—In order to complete all that relates to the muscular current, I 
must first mention that I have very distinctly obtained signs of tension 
with the condenser at the two extremities of my muscular piles. I have 
also obtained signs of electro-chemical decomposition by the muscular cur- 
rent. That which particularly interested me in these new researches was 
to study, in a much more complete manner than I had hitherto done in 
my preceding labors, on the one hand, the relation between the intensity 
and the duration after death of the muscular current; and on the other, 
the activity of respiration and the circulation of the blood, the tempera- 
ture of the medium in which the animal lives, and its rank in the animal 
scale. I have labored at this for five months, every day submitting to ex- 
periment a certain number of frogs, that had been taken from the same 
pond. Of these frogs, some were immediately killed, in order to obtain 
a measure of the muscular current ; others were placed at the temperature 
of the external atmosphere, in an apparatus by means of which I could 
know the quantity of carbonic acid gas given out by a frog in a determinate 
time ; others, finally, were placed in an ambient medium, the temperature 
of which was constantly 16°, (61° Fahr.) I thus operated on frogs that 
had lived from—4° (25° Fahr.) to 16°. The result of so great a number 
of experiments left me not the smallest doubt as to this conclusion,—the 
intensity of the muscular current is in proportion to the activity of respi- 
ration. I operated in like manner upon frogs which had been preserved 
for a greater or less length of time in water deprived of air, and which, 
therefore, were in a more or less decided state of asphyxia. I always 
arrived at the same result. 
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By operating upon several warm-blooded animals, I verified in a more 
complete manner the result to which I had already arrived, namely, that 
the intensity of the muscular current is proportionate to the rank of the 
animal in the scale of beings; whilst the duration of this current after 
death varies in an opposite ratio. I wished to study the influence of dif- 
ferent gases upon the intensity and duration of the muscular current. 
For this purpose I arranged an apparatus that permitted of my having a 
muscular pile in a certain gaseous medium, with power to open and close 
at pleasure the circuit of this pile with the galvanometer. I operated 
thus in atmospheric air, in oxygen, in very rarefied air, in carbonic acid, 
and in hydrogen. In these different media the muscular pile acted equal- 
ly, both as regards intensity and duration. Hydrogen gas alone present- 
ed a singularity which could not have been anticipated before the experi- 
ment. This singularity is not referable to an action of the gas on the 
muscles, but rather to a phenomenon of secondary polarity, which is veri- 
fied, whatever be the source of the current. ‘The fact is, that on operat- 
ing in this gas with a muscular pile, the deviation remains constant for 
several hours. This nullity of action of the different gases named, upon 
the intensity and duration of the muscular current, plainly proves that the 
origin of this current is in the muscle itself, whether living or taken from 
the animal a short time after death. ‘This same conclusion is rendered 
evident by another experiment. I prepared with very fine intestinal mem- 
brane, a great number of small conical cavities; these cavities I filled 
with fibrine separated from the blood of a recently killed ox; I rapidly 
prepared with these elements a pile that was in appearance similar to my 
piles of half thighs. I obtained no sign of a current from this pile. This 
pile acted with the same result both in oxygen and hydrogen. It is, 
therefore, in the muscle, and consequently in its organization, and in the 
chemical actions which are going on within its very structure, when it be- 
longs to a living or to a recently killed animal, that the cause of the cur- 
rent exists. 

The most curious results to which I have arrived in these latter labors, 
are in relation to the proper current of the frog. I am now able to affirm 
that this current docs not belong exclusively to the frog, but that it is man- 
ifested in all the muscles of all animals, provided that these muscles pre- 
sent at their extremities an unequal tendinous termination. All the mus- 
cles that have on one side the tendinous extremity more compacted, more 
condensed than on the other, give the current direction in the muscle from 
the tendinous extremity to the surface of the muscle. I have verified this 
result on all the muscles of the frog, on the muscles of the superior as 
well as those of the inferior limbs; on the muscular masses of the pigeon, 
the rabbit, and the dog. If I have rightly understood the latest anatomi- 
cal labors made upon the structure of muscles, or their relations with the 
tendons and the sarcolema, I cannot hesitate in regarding the proper cur- 
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rent, or that from the tendon to the surface of the muscle, as the most 
simple case of the muscular current. ‘The tendinous fibres are continued 
among the muscular fibres, whilst the sarcolema merely envelopes the said 
muscular fibres. This result is rendered still more probable when we 
call to mind that the same laws preside over the proper current and the 
muscular current.—Elect. Mag., Vol. I7, 1845, p. 20—22. 


3. Structure of Electro-precipitated Metals ; by Warren Dexa Reve. 
—Mr. Rue shows that in copying an engraved plate by precipitation, the 
copy is imperfect along the centre of each groove or depressed line, the 
two parts though apparently joined, being not so in reality. This difficult: 
and the porosity proceeding from the crystalline texture of the deposit, 
may be remedied by thoroughly tinning it at the back as soon as the cast 
is removed from the matrix; the tin insinuates itself into a great number 
of the pores, and binds the whole firmly together. With the help of a lit- 
tle chloride of zinc the tinning is eflected very readily, and it should be 
done without disturbing the structure by filing. Owing to the porous 
texture of electro-precipitated plates, they cannot be used for any purpose 
where strength is required.—Procecd. Chem. Soc., part 13, p. 300. 


4. Electric Sound.—M. Jacobi has constructed an acoustic telegraph, 

in which the sound resulting from the interruption of the electric current 
is repeated one hundred and fifty to two hundred times in a second. The 
sound produced is transmitted to a distance of fifteen miles, (twenty four 
kilometres.) —L’ Jnstitut, No. G00, 25 Juin, 1845, p. 231. 
5. An Account of Compact Aluminum; by Prof. F. Wouter of Got- 
tingen.—T he author has lately found, contrary to the results of his former 
researches on aluminum made eighteen years ago, that this metal is readi- 
ly fusible, and that in its reduction from the chloride of aluminum by 
means of potassium, it presents itself in the form of fused globules, gene- 
rally so small that their shaj.¢ ts not distinguishable under the microscope, 
although occasionally they are met with having a sensible diameter. He 
effects the reduction at once in a clay crucible, the bottom of which he 
covers with pellets of pure potassium, and places upon these the chloride 
of ammonium, covering the whole with chloride of potassium in powder 
The crucible being then closed up, and heated in a coal fire, the reduc- 
tion is instantly effected. 

used aluminum has the color and lustre of polished tin ; it continues 
perfectly white in the air; it is fully malleable, and the globules may be 
beaten out into the thinnest plates without cracking at the edges. It is 
entirely unmagnetic. In other respects the metal in this compact state 
has the properties which the author formerly ascribed to it—London, 


Edinburgh, and Dublin Phil. Mag., May, 1845, pp. 450, 451. 


Miscellanies. 391 


6. Superoryd of Silver.—On passing an electrical current through ni- 
trate of silver, metallic silver collects at the negative pole, and a substance 
of a blackish gray color, crystallized in octahedrons, which Ritter called 
superoxyd of silver. Wallquist obtained for it the formula Ag O,, and 
finds that the same oxyd is contained also in the solution operated upon. 
Fischer operating by the same process, obtained a substance for which 


he gives the formula Ag N+4 Ag+2H.—Annal. der Chem. und Phar. 


li, 258. 


7. The blue color of Gold Leaf viewed by transmitted light.—M. Du- 
pasquier has shown that this same color is presented by different metals 
reduced to a state of extreme thinness, or in a fine powder suspended in 
water. He established this fact by operating on silver, antimony, bismuth, 
metallic arsenic in powder, sulphuret of antimony, binoxyd of manga- 
nese, sulphuret of lead, arsenical cobalt, and many other metallic ores.— 


DL? Institut, July, 1845, p. 247. 


8. Manthine-—Dr. Unger , who has found the xanthic oxyd in guano, 
finds that this oxyd forms definite compounds with acids and also with 
basic oxyds, and proposes to call it xanthine. Several of these com- 


pounds he has investigated and described.—Chem. Gaz. July 15, 1845, 
p. 296, from the Proceedings of the Berlin Academy, April, 1845. 


9. A curious change in the composition of Bones taken from Guano; 
by R. Warrineton, Esq. (Proceed. Chem. Soc., part 10, p. 223.—This 
substance derived from the alteration of bones, has a highly crystalline 
laminated structure, with a white color slightly tinged with yellow. It 
is readily soluble in hot distilled water, with the exception of some 
brown particles distributed in certain parts. On examination by chemi- 
cal tests, it was found to censist principally of sulphuric acid, potash, and 
ammonia with a little uric acid, and analysis led Mr. Warrington to con- 
sider it a compound mainly of sulphate of potash and sulphate of ammo- 
nia, in the proportion of 4 equivalents of the former to L of the latter. 
The existence of the potash in the midst of the guano abounding in soda 
and ammoniacal salts, he accounts for by supposing it to have come from 


the ashes of fires made in former times by sealers. 


10. Detection of Kinic Acid; by Joun Srexnovse.—To examine a 
bark for kinic acid, boil a little with a slight excess of lime, pour off the 
liquor and concentrate it; filtering is not necessary. ‘Then distill it mixed 
in a retort with half its weight of sulphuric acid and peroxyd of manga- 
nese. If the bark contains the smallest quantity of kinic acid, the first 
portion of the liquid distilled over has a yellow color and the very peculiar 
smell of kinone. If the liquid is treated with a little ammonia, it be- 
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comes deep brown, changing in a few minutes to brownish black ; or if 
chlorine water be added to another portion, it changes from yellow to a 
bright green. The distillation need not be long continued as the kinone 
Proceed. Chem. Soc., part 10, p. 226. 


is very volatile. 


11. On the decomposition of Salts of Ammonia at the ordinary tempera- 
ture; by H. Bence Jones, M. D.—Dr. Jones shows that evaporation, 
even at the ordinary temperature, of salts of ammonia, causes their de- 
composition by the escape of the ammonia. A solution of the sulphate 
of ammonia, at first neutral to the test liquids, after a while changed lit- 
mus to pink; other salts produce the same result. A solution of the urate 
after standing for a while, presented minute tufts of crystals of uric acid 
along the edge of the liquid.— Proceed. Chem. Soc., part 10, p. 244. 


12. Styrole.—The oil of storax was named styrole, by E. Simon, who 
obtained it from the liquid storax of the shops by distillation with water. 
Its properties have been investigated by J. Blyth and Dr. A. W. Hoffman 
at Berlin. It is colorless, with a burning taste, and aromatic odor, re- 
sembling a mixture of benzole and naphthaline. It evaporates at all 
temperatures, and boils at 1453°C. A wick dipped in it burns with a 
brilliant smoky flame. This substance consists, according to their analy- 
ses, of 2 equivalents of carbon and 1 of hydrogen, and has analogies with 
benzole and cinnamole.—S'rom the Proceed. Chem. Soc., part 13, 1845, 


p. 334. 


13. Salicine; by M. Pirta.—Salicine is a natural combination of 
grape-sugar and of saligenine; the saligenine again is a substance which 
is very readily altered by chemical reagents. Weak acids convert it into 
saliretine, concentrated sulphuric acid into rutiline, nitric acid into carba- 
zotic acid, oxidizing agents into hydruret of salicyle, potash in a state of 
fusion into salicylic acid. 

When salicine is submitted to the action of any agent whatever, two 
cases may occur:—l. If the agent is sufficiently energetic to decompose 
at the same time the saligenine and the sugar, altered products of these 
two substances are obtained, as if the experiment were made on a mixture 
of saligenine and grape-sugar. 2. If, on the contrary, a weak agent is 
employed, the saligenine only is decomposed and the sugar remains unal- 
tered, but it combines with the modified saligenine. Thus chlorine first 
converts it into chlorosalicine ; then into bichlorosalicine ; lastly, into per- 
chlorosalicine: these are combinations of sugar with the saligenine, in 
which chlorine has replaced 1, 2, 3 equivalents of hydrogen. 

Dilute nitric acid changes salicine into helicine. This results from the 
combination of the sugar of the salicine with the hydruret of salicyle 
derived from the oxidation of the saligenine. When helicine is submitted 
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to the action of chlorine or bromine, the hydruret of salicyle which. it 
contains is converted into chloride and bromide of salicyle; these pro- 
ducts combining with the sugar give rise to chlorohelicine and bromohe- 
licine. 

Lastly, all these combinations of saligenine, or its derivatives with sugar, 
are rapidly decomposed by contact with acids and by synaptase.—Chem. 
Giaz., August, 1345, p. 323. 


14. Composition of Fungi; by Dr. F. Scutosspercer and Dr. O. 
Dorrrinc.—Fungi have been known to be remarkable for the nitrogen 
they contain, and their nutritive qualities have been attributed partly 
thereto. Drs. Schlossberger and Doepping have found, by analysis of 
several species, that many contain, dried at 212° F., two or thee times as 
much nitrogen as wheat, (some 77 per. cent.,) and a considerable propor- 
tion of phosphates. In nearly all the species they examined, they detect- 
ed mannite or fermentable sugar, and many of the succulent fungi (A. 
russula, cantharellus, emeticus) when preserved for some days in a bottle 
with a narrow neck, but not closed, passed spontaneously into spirituous 
fermentation, emitting at the same time an agreeable odor like musk, and 
yielding alcohol afterwards on distillation. The substratum of the fungi 
consists mainly of cellulose. No amylum was detected by the iodine 
test. 


15. Action of Animal Charcoal; by R. Warnrincron.—Beer or ale, 
and the solutions or decoctions of various astringent bitter substances, as 
oak bark, Peruvian bark, strychnia, lose their bitter taste when passed 
through charcoal. 12 grains of animal charcoal were found suflicient by 
Mr. R. Warrington, to remove the bitter flavor of 2 grains of disulphate 
of quina dissolved in two ounces of distilled water. <A large quantity of 
sulphate of magnesia was removed from its solution by the same means, 
and also chloride of barium, sulphate of soda and other salts. ‘This sub- 
ject, the action of animal charcoal on metallic salts, is under investigation 
by M. Chevallier.— Proceed. Chem. Soc., part 13, p. 326. 


16. Thomaite ; a new mineral species —This name is given by Mayer 
to a carbonate of iron found in the Siebengebirge, having the same crys- 
talline form with Junkerite, but having the specific gravity 3°10, a pearly 
lustre, and granular fracture. After exposure to the air for two days the 
color changes to a pale honey yellow, and the mineral becomes dry and 
compact. It consists of protoxyd of iron 53°72, silica 6°04, alumina 4°25, 
lime 1°52, magnesia 0°43, protoxyd of manganese 0°65, carbonic acid 
33°39=100. (Leonhard’s Jahrbuch, 1845. Heft. 2, p. 200.)—Jame- 
son’s Jour., July, 1845, p. 196. 
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17. Scnecrer on Aventurine Feldspar.—Aventurine feldspar has been 
found by Scheerer to owe its iridescence to minute crystals of specular 
iron or titanic iron, instead of mica as generally stated. Scheerer con- 
cludes from his various microscopic investigations of minerals, that the 
microscope should be used before attempting an analysis, especially with 
cleavable minerals which are especially liable to mechanical mixtures. 
(Poggendorf’s Annalen, Ixiv.)—Jameson’s Jour., July, 1845, p. 195. 


18. Spadaite, a new mineral; by von Kopetit.—This species is near 
Schiller-spar in composition. Color reddish or flesh-red, streak white, 
lustre glistening or glimmering, hardness 2°5, compact with an imperfectly 
conchoidal fracture ; soluble in muriatic acid with a residuum of gelatin- 
ous silica. Its formula is 4MS*+M Aq*. (Berz. Jahresl. 24th. Jahrg. 
231.)—Jameson’s Jour., July, 1845, p. 194. 


19. Descriptions of Polycrase and Malacrone, two new minerals; by 
Scneerer.—T hese minerals are generally associated with orthite, and are 
often accompanied with phosphate of yttria at Hitterce, Sweden. The 
polycrase is near polymignite. It is without cleavage and has a con- 
choidal fracture, breaking easily. Sp. gr. 5°105, color pure black ; thin 
splinters translucent and yellowish brown, streak grayish brown, lustre in- 
ferior to that of polymignite. A qualitative analysis afforded titanic acid, 
columbic acid, zirconia, yttria, oxyds of iron, uranium, cerium, with traces 
of alumina, lime, and magnesia. Malacone, is so called from its having in- 
ferior harduess to zircon. Its form is similar but not identical; cleavage 
none, fracture conchoidal, hardness 6, sp. gr. 3°903, color bluish-white, 
though often brownish, reddish or yellowish from a coating of foreign sub- 
stances. ustre vitreous, but resinous on asurface of fracture. Trans- 
lucent in small fragments and of a yellowish-white color. Streak color- 
less. Composition, silica 31°31, zirconia 63°40, oxyd of iron O41, yttria 
O34, lime 0°39, magnesia O11, water 3°03—9399. It appears to be a 
zircon containing water. Scheerer considers it probable that the zirco- 
nia exists in malacone in a different isomeric condition from the zirconia 
in zircons. (Keilhau’s Gaea Norwegica.)—Jameson’s Jour., July, 1240, 
p. 192. 


20. R. Pnivuirs, Jr. on the State of Iron in Soils.—Mr. Phillips 
shows by his analyses that in most rich soils the iron is found principally 
in the lower state of oxydation, and urges that the presence of this oxyd 
is not injurious to vegetation. He explains thus the fact that this oxyd 
remains unchanged; the peroxyd, he states, is converted to protoxyd by 
means of the affinity of the carbon of the organic matter or humus for 
oxygen. This he appears to confirm by experiments. He adds as tol- 
lows :— 
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The non-fertility of bog-earths may, it appears to me, be perhaps ac- 
counted for from the organic acid they have been found to contain; sup- 
posed to be the suberic acid, but probably an acid peculiar to these earths. 
The action of the manures usually employed to bring them into a state of 
fertility, viz. lime and strong oil of vitriol, is made apparent if we take 
this view, for by uniting with the first the organic acid would be rendered 
innoxious, whilst the second would destroy it; but neither of these agents 
would have any influence on the further oxydation of the iron, and the 
second would render it soluble ; and what makes this idea more probable 
is, that I have found in all rich soils a soluble organic salt of lime to exist, 
and that these soils never possessed any acid properties. ‘The poisonous 
character of the drainage water from these earths is explained by this 
view; but, on the other supposition, that it results from the action of pro- 
toxyd of iron, we can hardly imagine,—knowing as we do how immedi- 
ately, when held in solution by carbonic acid, it is decomposed by ex- 
posure to the action of the atmosphere,—that these injurious effects could 
take place in the short time that would elapse before it became sesqui- 
oxyd; and I have before pointed out that the soluble organic matter would 
have no effect in arresting this decomposition. The use of the red oxyd 
of iron in a soil has been stated to be its power of retaining ammonia. I 
must confess, however, I am rather inclined to doubt that it is of any 
great value to it, on account of this property, as all soils containing much 
of it are found to be of poor quality; but, admitting this to be the fact, 
there does not appear to me to be any reason to doubt that this retentive 
power is equally possessed by the protoxyd. 

From the above observations I was led to the conclusion, that the pre- 
servative action of the humus on the protoxyd of tron in soils was proba- 
bly analogous to that of sugar in some pharmaceutical preparations, par- 
ticularly in that of the saccharated carbonate of iron of the Edinburgh 
Pharmacopeia. I therefore prepared some of it by the process there 
given, and found, on passing a current of air over a portion of it by the 
apparatus I have before described, that a small amount of carbonic acid 
was given out from it. I do not, however, wish to be considered as speak- 
ing positively as to this being the action of the sugar, although the experi- 
ment shown above would appear to render it probable. 

Vote.—Since writing the above communication, I have had brought 
before my attention a remark occurring in several agricultural works, that 
some clays require either burning or long exposure to the atmosphere be- 
fore they are fitted to be mixed with fertile soils ; and as the iron in them 
is found to become peroxyd during these operations, it has been brought 
forward as another proof of the injurious action of the protoxyd of iron. 

In my opinion, however, it is not because the iron is in the state of pro- 
toxyd that clays require this treatment, but on account of its existing as 
sulphuret, which, as is well known, is hurtful to vegetation; and I believe 
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that the appearance of oxydation assumed by them during exposure to the 
atmosphere, is nothing more than the decomposition of the sulphuret into 
peroxyd of iron. That this decomposition would take place under these 
circumstances I may instance, in the case of an embankment of clay on 


the Croydon railway, where, accompanied by the formation of sulphate of 


lime, it occurred so extensively as to destroy part of the work. 


[ have, on analysis, usually found deep clays to contain sulphuret of 


iron; and another proof of its existence in them may be adduced from 
the slaty clay usually accompanying the coal formation, where it is found 
so extensively as to be employed for the manufactures of alum and cop- 
peras.— London, Edinburgh and Dublin Phil. Mag., May, 1845, pp. 
440, 441. 


21. Sillimanite—Dr. Thomson has lately obtained for the composition 
of this mineral the following: silica 45°65, alumina 49°50, protoxyd of 
iron 4°10—99°25, which is the same as that given for Bucholzite.—PAil. 
Mag., xxvi, 1845, p. 536. 


22. On the origin of Quartz and Metalliferous Veins; by Prof. 
Gustav Biscnor, of Bonn. (Jameson’s Jour., April, 1845, p. 344.)— 
The author opposes the theory of injection of the material constituting 
quartz veins in a state of fusion, and advocates the view of their origi- 
nating from aqueous solutions. The article is worthy of being cited en- 
tire. The following are interesting facts with regard to the prevalence of 
silica in solution in cold water :— 

There is scarcely any water, whether it be spring or river water, which 
does not contain silica in solution, though frequently in very small quan- 
tities. Should such water penetrate through the narrowest cleft, there is 
the possibility that more or less of the dissolved silica may be deposited 
in it. It is true, that such a deposition supposes that the water, either, 
being hot, cools during circulation in the cleft, or evaporates ; or that other 
substances maintaining the silica in solution are precipitated ; but we must 
not overlook other circumstances from which this precipitation may arise. 
Very many phenomena show that there exists a peculiar affinity between 
silica and organic substances or organic remains. As an example, I may 
mention that in the wooden piles of Trajan’s Bridge, near Vienna, quartz 
concretions—agates even of half an inch in thickness—have been found ; 
and that, according to observations of Glocker, it is only on a lichen that 
HTyalite is formed on the serpentine of the Zobtenberg. If, now, in the 
above instances, the wood of the bridge pile has induced a precipitation of 
silica from an extremely dilute solution, such as the water of the Danube 
presents—if, in like manner, a lichen has occasioned such a precipitation, 
from, probably, equally dilute solutions, then it is easy to understand, that 
organic remains in a Neptunian rock, as in clay-slate, may likewise effect 
a precipitation of silica. 
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23. Mean Height of the Continents above the Surface of the Sea; 
by Baron von Humnoitpr.—Since immense and lofty chains of moun- 
tains occupy our imaginations, by presenting themselves as evidences of 
vast terrestrial revolutions, as the boundaries of climates, as great water- 
sheds, or as the bearers of different vegetable worlds; it becomes so 
much the more necessary to show, by a correct numerical estimate of 
their volume, how small the whole quantity of the elevated masses is in 
comparison with the area of entire countries. The mass of the Pyrenees, 
for example—a chain, the mean height of whose summits, and the su- 
perficial extent of whose base, are known by accurate measurements— 
would, if distributed over the area of France, increase the height of that 
country only 115 English feet. ‘The mass of the eastern and western 
chains of the Alps would, in the same manner, raise the height of the 
flat country of Europe by only 21°3 English feet. By means of a labo- 
rious investigation, which, from its very nature, only gives the upper lunit, 
i. e. a number which may be smaller, but cannot be larger, I have ascer- 
tained that the centre of gravity of the volume of the land which rises 
above the present level of the sea, is situated at a height of 671 and 748 
English feet in Europe and North America, and 1131°8 and 1151 Eng- 
lish feet in Asia and South America.* ‘These calculations indicate the 
lowness of the northern regions; the great steppes of the plains of Sibe- 
ria are counterbalanced by the enormous swellings of the surface of Asia 
between lat. 283° and 40°, between the Himalaya, the northern Thibe- 
tian Kuen-Lun, and the Sky Mountains. We can, to a certain extent, 
determine, from the estimated amounts, where the plutonic force of the 
interior of the globe has operated with greatest power in elevating con- 
tinental masses. The mean height of the non-mountainous portion of 
France does not exceed 512 English feet—Jameson’s Jour., July, 1845. 


24. Infusoria.—FEhrenberg has examined various tufas and other beds 
in volcanic regions, and finds that they often consist largely of infusoria. 
Ilis investigations were made upon specimens from Patagonia, Ascen- 
sion Island, the Rhine, Pompeii, Mexico, Chili, and other regions, and 
he shows their connection with the formation of opal and other siliceous 
deposits. The tufaceous rocks of the Hochsimmer volcanic hill, near the 
Laacher-Sea, contains the infusoria in a ‘roasted’ condition, and of thirty 
eight species found, only two were new. 

Ehrenberg proposes to distinguish rocks without infusoria by the gen- 
eral term Stachiolitic, alluding to their pure or simple character; but 
when they contain infusoria, they are styled [Zydrobiolitic :—or if connect- 


* The corresponding amount for the whole globe will consequently be some- 
what less than 1000 feet. 
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ed with volcanic operations, and changed by volcanic heat, Pyroebiolitic ; 
and tufas containing infusoria he calls Pyrobiolite. When the infusoria 
are of fresh-water origin, the deposit is described as Hydrozoolitic, and 
when marine, J/«alizoolitic.* It may be doubted whether the science 
stands in need of these terms.—Proccedings of the Berlin Academy, 
April, 1s45. 

25. On the Kunker, a Tufaceous Depasit in India; by Capt. New- 
poLp.—The kunker is a more or less compact tufaceous deposit of car- 
bonate of lime or silica. Capt. Newbold brings evidence to prove that 
they were produced from springs of water, remains of which may in some 
instances be detected. ‘The vast kunker deposits in the plains and val- 
leys of India are sometimes upwards of seventy feet deep, overspreading 
places where they could not have been formed from rivers or rivulets. 
Along the edges of trap dykes mounds of kunker are occasionally ob- 
served, like those around the mouths of kunker-depositing springs. In 
the Kurnool territory, there is a warm spring from which deposits of a 
calcareous mud are forming. Bat around it and below there is a bed of 
kunker partly siliceous, in some portions of which fresh-water shells— 
Melani, some Planorbes, and others, and impressions of leaves, are con- 
tained. The shells afford instructive examples of the various stages of 
fossilization. Some of their coats have been completely converted into 
sparry carbonate of lime; others have been filled and remain as casts 
when the exterior shell is broken off. Others again are lined with drusy 
crystals of quartz; in some, this siliceous crystallization is just beginning 
to roughen the surface of the interior, and is hardly perceptible without 
the aid of a lens, thus exhibiting interesting examples of the processes 
by which fissures in rocks are lined and filled up with minerals which we 
look in vain for in the enclosing walls. Some of the kunker is so firm 
as to resemble the siliceous tufa deposited by the hot springs of Iceland. 
Capt. Newbold states that the siliceous deposits are apparently of older 
date than the calcareous, and were probably formed when the waters of 
the supposed springs had a somewhat more elevated temperature.—DP Ail. 


Mag. 1845. 


26. On some of the Substances which reduce Oxide of Silver and pre- 
cipitate it on Glass in the form of a Metallic Mirror ; by Joun Srey- 
House, Ph. D.—It has long been known that aldehyde, when heated ina 
tube with ammonio-nitrate of silver, reduces the oxide to the metallic 
state, and forms a brilliant coating on the inner surface of the tube. 


* The above names are derived as follows :—stechiolitic, from croixiucy, an ele- 
ment ; hydrobiolitic, from vdwg, water, and Biov, life, and arses, stone ; pyrobiolitic, 
from mvg, fire, and the same as the last; hydrozoolitic, from viwg and {#ov, animal ; 


halizoolitic, from ads, the sca, and {wov, animal. 
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Three other substances, saccharic acid, salicylic acid and pyromeconic 
acid, were also known to possess the same property, though the coatings 
which they yield are much darker, and therefore less beautiful than those 
formed by aldehyde. This was the state of our knowledge previous to 
the announcement, about six months ago, of Mr. Drayton’s process for 
silvering mirrors in the cold, by means of ammonio-nitrate of silver and 
an alcoholic solution of the oils of cloves and cassia. 

I find that the number of substances which, especially when assisted 
by heat, give more or less brilliant coatings of reduced silver, is much 
greater than has hitherto been supposed. Thus grape sugar forms a 
pretty brilliant mirror even in the cold. When unassisted by heat the 
mirror is rather slowly formed, requiring from six to twelve hours; but 
when a slight heat is applied it forms very readily in the course of a few 
minutes ; the coating is much darker than that produced either by alde- 
hyde or by Drayton’s process. Cane sugar also yields a mirror when as- 
sisted by heat, but none in the cold. Gum-arabic and starch also yield 
dark colored mirrors, but more slowly, and require considerable boiling : 
so do phloridzine and salicine. Oils of turpentine and laurel also give 
mirrors, but with still greater difficulty, the solutions requiring to be very 
concentrated. Resin of guaiacum acts in a similar manner. 

Oil of pimento, as is well known, consists of two oils, one an acid oil, 
which is heavier than water, and forms crystalline compounds with the 
bases ; this in the course of a few minutes, even in the cold, produces as 
brilliant a coating of silver as the mixture of the oils of cassia and cloves. 
The neutral portion of the pimento oil, which is lighter than water, does 
not reduce nitrate of silver even after long boiling. I could not succeed 
in forming metallic mirrors with cinnamic, benzoic, meconic, komenic, 
tannic, or pyrogallic acids, with gum benzoin, elemi or olibanum, with 
oil of rhodium or with glycerine. 

Ingenious as Mr. Drayton’s patent process certainly is, it labors under a 
very serious inconvenience, which I greatly fear will not be easily remedied. 
In the course of a few weeks the surfaces of the mirrors formed by his 
process become dotted over with smal! brownish-red spots, which greatly 
injure their appearance. ‘The cause of the spots seems to be this—that 
the metallic silver while being deposited on the surface of the glass car- 
ries down with it mechanically small quantities of a resinous matter, re- 
sulting, most probably, from the oxidation of the oil. ‘This resinous mat- 
ter, which is interposed between the glass and the silver, in the course of 
time begins to act on the metallic surface with which it is in contact, and 
to produce the small brown spots already mentioned. If an excess of the 
essential oils is employed to precipitate the silver, the metallic mirror is 
much darker, and gets sooner discolored than usual. No doubt the alco- 
hol present in the solution keeps up much of the resinous matter ; still a 
little of it is almost always deposited on the silvered surface, and acts in 
the injurious way described.—Proceedings of Chem. Soc., Part 10. 
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27. New Self-registcring Barometer; by Rovert Bryson. (Trans. 
toy. Soc. of Edinb., xv, 1844, 503.)—The arrangement in Mr. Bryson’s 
instrument is as follows :—TIn the open end of a siphon barometer tube, 
there is a float consisting of an ivory ball, which rests on the mercury, 
and a float rod extending out of the extremity. This float rod is bent at 
right angles at top and shaped to a knife edge, to act as the registering 
rod; and near it a tin cylinder, about three inches in diameter marked 
with the hours, is made to revolve by machinery, once in twenty four 
hours. In this cylinder there is a series of short pins corresponding to 
the hours, which, as the hour arrives, acts upon a bent lever, which presses 
the registering rod against the cylinder, upon which an impression is thus 
left, indicating the height of the barometer at the time. On passing the 
pin, the rod is thrown back by a spring, which is sufficient to shake the 
float and remove any adhering mercury. Mr. Bryson, who describes 
minutely his mode of arrangement, proposes that there should be seven 
cylinders, each marked with a day of the week. ‘To fit them for use 
they are streaked with chalk and water well levigated and applied by a 
camel’s hair brush. 


28. On the Manufacture of Enamelled Cast Iron Vessels in Bohemia.— 
Iron pots, and especially those of enamelled cast iron, are very exten- 
sively used in domestic economy. ‘To enamel these vessels, they are 
cleaned as perfectly as possible with weak sulphuric acid, then washed 
with cold water, and dipped into a thin paste made with quartz first melted 
with borax, feldspar, and clay free from iron, then reduced to an impalp- 
able powder, and sufficient water added to form arather thin paste. ‘These 
vessels are then powdered in the inside with a linen bag containing a 
very finely pulverized mixture of feldspar, carbonate of soda, borax, and 
a little oxyd of tin. Nothing then remains but to dry the pieces and heat 
them in an enamelling furnace. The coating obtained is very white, re- 
sists the action of fire without cracking, and completely resists acid or al- 
kaline solutions. —Chem. Gaz., July, 1845. p. 290. 


29. The Tagua Nut or Vegetable Ivory; by A. Connewn. (Trans. 
Roy. Soc., of Edinb., xv, 1844, p. 541.) —This remarkable seed is now ex- 
tensively carved into a variety of ornaments, which resemble the finest 
ivory both in texture and color. The nuts are often as large as a hen’s 
egg and somewhat angular in shape, and come from a species of palm, 
(Phytelephas macrocarpa.) Excepting the outer shell, about ,'; of an 
inch thick, and a brown epidermis, they consist throughout of the close 
grained material called vegetable ivory. Its density is 1576 at 53° Fahr. 
The analysis afforded Mr. Connel, gum 673, legumin or vegetable casein 
2'8, vegetable albumen 0°42, fixed oil 0°73, ashes 0°61, water 9°37, lignin or 
other woody matter 81°34=100. The ashes contained phosphate of lime, 
sulphate of lime, chlorid of calcium, carbonate of lime and a little silica. 
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30. Lithographic Stones.—A new locality affording a superior quality 
of lithographic stone has been opened at Belbéze, Haute Garonne, in the 
Irench Pyrenees. According to M. Leymerie they are inferior to none 
before known, being even superior in hardness to the stone from Munich. 
This locality belongs to the cretaceous formation, while all previously dis- 
covered have been found in the jurassic system of rocks —L’ Institut, 9 
July, 1845. p. 245. 


31. On the Leaves of the Coffee Tree as a Substitute for Tea.—Prof. 
Blume of Leyden laid before the meeting of naturalists of Bremen sam- 
ples of tea prepared from coffee leaves, which in appearance, odor, and 
taste of the decoction agreed entirely with that from genuine Chinese tea. 
It has long been employed as such by the lower classes in Java and 
Sumatra.—Chem. Gaz., July 15, 1845, p. 299, from Buchner’s Repertor. 
fur Pharm., xxxvu, p. 34. 


32. Upon Anastatic Printing. (Translated from Dingler’s Polytech- 
nic Journal, June, 1845.)—Prof. Faraday lately delivered a lecture at 
the Royal Institution upon Anastatic printing, the recent discovery which 
enables us to reproduce to an unlimited extent and in a very short time, 
the impressions of any kind of printing, whether ordinary type work, 
engravings on copper, or lithographs. ‘The theory of Anastatic printing 
is based upon the well known properties of the substances employed in 
the process. Tor instance there is, as we are aware, an attraction in 
water foi water; oil, as we know, attracts oil, whereas these two sub- 
stances repel each other. Metals are far more readily moistened by oil 
than by water, but more readily still by a weak solution of gum; and with 
even yet greater facility by water in which phosphoric acid is dissolved. 
In addition to these properties thus possessed by water, oil and the metals, 
the following may be looked upon as the fundamental principle of Anas- 
tatic printing, namely, the facility with which the ink of a newly printed 
book or engraving may be transferred by pressure to another even surface. 

The impression of a recent newspaper, for instance, when laid upon a 
white sheet of paper may be transferred to the latter by pressure, so that 
all its letters will be distinctly reproduced thereupon. This will enable 
us to comprehend readily the process of Anastatic printing. 

The printed paper, be it type or an engraving, is first to be moistened 
with dilute nitric acid and then powerfully pressed by means of a roller 
into the surface of an even zinc plate, by which means every part of the 
sheet is brought into immediate contact with the zinc. The acids with 
which the white portions of the paper are saturated attack the metal, the 
printed portions thereof being simultaneously transferred to its surface, so 
that the zinc plate after this process presents a reversed copy of the printed 
object. The principles above alluded to are now brought to bear. The 
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zine plate thus prepared is to have poured over it a solution of gum in di- 
luted phosphoric acid. This fluid is attracted by those portions of the 
plate that the acid has previously attacked and moistens them without diffi- 
culty, whereas it is repelled by the oil contained in the transferred portion 
of the printer’s ink. The plate is now to have an inked roller passed over 
it, whereby the very reverse action is brought about. The repulsion be- 
tween the oil of the ink and the moist surface of the plate over which the 
roller is passed, prevents the grease from adhering to those portions of its 
surface upon which there are no printed lines or strokes, while from the 
attraction of oil for oil, the ink is retained upon all the printed parts. ‘The 
Anastatic plate is thus ready for use, and impressions may be thrown off 
from it as in the ordinary lithographic process. 

Prof. Faraday described likewise the method of obtaining, by the 
Anastatic process, copies of antique originals, the ink of which is no 
longer transferrable by simple pressure. The process is as follows :— 
The printed paper is first to be laid in a solution of potash and subse- 
quently in a solution of tartaric acid. ‘The consequence thereof is that 
all the blank portions of the paper become penetrated by minute crystals 
of tartrate of potash, and as this salt repels water, an inked roller may 
then be passed over the surface of the paper without the ink adhering to 
any parts but where the ink of the impression is. The tartrate is then to 
be removed by careful washing, and the operation proceeded with as 
above described, beginning by moistening the paper with dilute nitric 
acid, 

The February number of the Art Union informs us, that as yet the 
Anastatic process is only used in London, and that on a small scale, at the 
printing office of Mr. Wood, Bargeyard Chambers, Buchlersbury. ‘The 
impressions which it is desired to reproduce may be either from recent or 
from old originals, (a hundred years old indeed or more ;) their age 1s 
quite immaterial ; the copies produced being in every case equally ex- 
cellent, so much so indeed, that they are not to be distinguished from the 
originals themselves. 

By means of this process old or faded engravings and etchings may 
be so renovated as to have all the appearance of recent impressions. One 
special merit in the invention lies in the method resorted to, and that with 
complete success, for preventing the extension of the ink when exposed to 
any pressure to which it may be submitted, and by which means the finest 
lines and the sharpest outlines are reproduced with the greatest precision 
When ordinary type is transferred by this new process to a zinc plate, the 
impressions which the latter affords have precisely the appearance, as 
they leave the press, of being taken from metal types; and as in this new 
method of printing the impressions are not transferred to stone but to 
zinc, which may be used with the ordinary steam-presses in the form of 
cylinders, we have it in our power to multiply to any extent both text and 
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illustrations in the cheapest and in the most rapid manner. There is a 
single printer in London whose stereotype plates are valued at £300,000, 
an outlay which this discovery renders henceforward unnecessary. What 
advantages for printers, booksellers, and the public! 


33. On a gigantic bird sculptured on the tomb of an officer of the house- 
hold of Pharaoh ; by Mr. Bonom1.—In the gallery of organic remains 
in the British Museum, are two large slabs of the new red sandstone 
formation, on which are impressed the footsteps or tracks of birds of 
various sizes, apparently of the stork species. ‘These geological speci- 
mens were obtained, through the agency of Dr. Mantell, from Dr. 
Deane, of Massachusetts, by whom they were discovered in a quarry 
near ‘Turner’s Falls. There have also been discovered by Captain 
Flinders, on the south coast of New Holland, in King George’s Bay, 
some very large nests measuring twenty six feet in circumference and 
thirty two inches in height ; resembling, in dimensions, some that are 
described by Captain Cook, as seen by him on the northeast coast of 
the same island, about 15° south latitude. It would appear, by some 
communications made to the editor of the Athenwum, that Prof. Hitch- 
cock, of Massachusetts, had suggested that these colossal nests belonged 
to the Moa, or gigantic bird of New Zealand ; of which several spe- 
cies have been determined by Prof. Owen, from bones sent to him from 
New Zealand, where the race is now extinct, but possibly at the present 
time inhabiting the warmer climate of New Holland, in which place 
both Capt. Cook, and recently Capt. Flinders, discovered these large 
nests. Between the years 1821 and 1823 Mr. James Burton discov- 
ered on the west coast or Egyptian side of the Red Sea, opposite the 
peninsula of Mount Sinai, at a place called Gebel Ezzeit, where for a 
considerable distance the margin of the sea is inaccessible from the 
Desert, three colossal nests within the space of one mile. ‘These nests 
were not in an equal state of preservation ; but, from one more perfect 
than the others, he judged them to be about fifteen feet in height, or, as 
he observed, the height of a camel and its rider. ‘These nests were 
composed of a mass of heterogeneous materials, piled up in the form 
of a cone, and sufficiently well put together to insure adequate solidity. 
The diameter of the cone at its base was estimated as nearly equal to 
its height, and the apex, which terminated in a slight concavity, mea- 
sured about two feet six inches, or three feet, in diameter. The mate- 
rials of which the great mass was composed were sticks and weeds, 
fragments of wreck, and the bones of fishes ; but in one was found the 
thorax of a man, a silver watch, made by George Prior, a London 
watchmaker of the last century, celebrated throughout the East, and 
in the nest or basin, at the apex of the cone, some pieces of woollen 
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cloth and an old shoe. That these nests had been but recently con- 
structed was sufficiently evident from the shoe and watch of the ship- 
wrecked pilgrim, whose tattered clothes and whitened bones were found 
at no great distance ; but of what genus or species had been the archi- 
tect and occupant of the structure Mr. Burton could not, from his own 
observation, determine. From the accounts of the Arabs, however, 
it was presumed that these nests had been occupied by remarkably large 
birds of the stork kind, which had deserted the coast but a short time 


previous to Mr. Burton’s visit. To these facts, said Mr. Bonomi, 1 beg 


to add the following remarks :—Among the most ancient records of 


the primeval civilization of the human race that have come down to 
us, there is described, in the language the most universally intelligible, 
a gigantic stork bearing, with respect to a man of ordinary dimensions, 
the proportions exhibited in the drawing before you, which is faithfully 
copied from the original document. It is a bird of white plumage, 
straight and large beak, long feathers in the tail; the mail bird has a 
tuft at the back of the head, and another at the breast: its habits appa- 
rently gregarious. This very remarkable painted basso-relievo is sculp- 
tured on the wall, in the tomb of an officer of the household of Pha- 
raoh Shufu, (the Suphis of the Greeks,) a monarch of the fourth 
dynasty, who reigned over Eeypt, while yet a great part of the Delta 
was intersected by lakes overgrown with the papyrus,—while yet the 
smaller ramifications of the parent stream were inhabited by the croco- 
dile and hippopotamos,—while yet, as it would scem, that favored land 
had not been visited by calamity, nor the arts of peace disturbed by 
war, so the sculpture in these tombs intimate, for there is neither horse 
nor instrument of war in any one of these tombs. At that period, the 
period of the building of the great pyramid, which, according to some 
writers on Egyptian matters, was in the year 2100 8.c., which, on 
good authority, is the 240th year of the deluge, this gigantic stork was 
an inhabitant of the Delta, or its immediate vicinity ; for, as these very 
interesting documents relate, it was occasionally entrapped by the 
peasantry of the Delta, and brought with other wild animals, as 
matters of curiosity to the great landholders or farmers of the pro- 
ducts of the Nile—of which circumstance this painted sculpture is @ 
representation, the catching of fish and birds, which in those days occu- 
pied a large portion of the inhabitants. ‘The birds and fish were salted. 
That this document gives no exaggerated account of the bird may be 
presumed from the just proportion that the quadrupeds, in the same pic- 
ture, bear to the men who are leading them ; and, from the absence of 
any representation of these birds in the less ancient monuments of 
Egypt, it may also be reasonably conjectured they disappeared soon 
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after the period of the erection of these tombs. With respect to the 
relation these facts bear to each other, | beg to remark that the colossal 
nests of Capts. Cook and Flinders, and also those of Mr. James Burton, 
were all on the sea shore, and all of those about an equal distance from 
the equator. But whether the Egyptian birds, as described in those 
very ancient sculptures, bear any analogy to those recorded in the iast 
pages of the great stone bgok of nature, (the new red sandstone forma- 
tion,) or whether they bear analogy toany of the species determined by 
Prof. Owen from the New Zealand fossils, | am not qualified to say, 
nor is it indeed the object of this paper to discuss; the intention of 
which being rather to bring together these facts, and to associate 
them with that recorded at Gezah, in order to call the attention of those 
who have opportunity of making further research into this interesting 


matter.—Athenaum, (London,) June, 1845. 


34. On the Heat of the Solar Spots; by Prof. Henry, of Princeton 
College, New Jersey.—Sir D. Brewster read an extract of a letter 
which he had just received from Prof. Henry, who had recently been 
engaged in a series of experiments on the heat of the sun, as observed 
by means of a thermo-electrical apparatus applied to an image of the 
luminary thrown on a screen from a telescope ina dark room. He 
found that the solar spots were perceptibly colder than the surrounding 
light surface. Prof. Henry also converted the same apparatus into a 
telescope, by placing the thermo-pile in room of the eye-glass of a re- 
flecting telescope. The heat of the smallest cloud on the verge of the 
horizon was instantaneously perceptible, and that of a breeze four or 
five miles off could also be readily pérceived.—<dAthenaum, (London,) 
July, 1845, p. 700. 


35. Notice in a Letter from London to the Senior Editor, dated 
Aug. 30, 1845 

A new line of railroad is being surveyed to connect Bath with Wey- 
mouth, and a railroad now cutting for the line from Tunbridge to Tun- 
bridge Wells (in Kent) passes through a fine series of wealden sands 
and clays. Some of these beds abound in fresh-water shells and crus- 
tacew, and land and marsh plants. In certain localities the sandstone 
is full of stems of the Equisetum Lyellii from a few inches to two feet 
long ; and numerous veins of lignite, formed of the carbonized remains 
of the same species of vegetables. ‘These sands alternate with lami- 
nated shales, which are literally full of the crustaceous shells of Cypri- 
des, (Cypris Valdensis,) sprinkled with minute scales of fishes. A small 
species of the fresh-water shells (Cyclades) so characteristic of the 
fluviatile deposits, also abounds, together with layers of shelly lime- 
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stone, also compound of Cyclades. Some of the clays present deeply 


rippled surfaces; and many of these are studded over with elevated 
ramose sub-cylindrical casts of vegetable stems, apparently of some of 


the grasses. 


36. Supplement to Prof. Loomis’s Paper, at p. 266 of this No.— 
The following table shows the average cloudiness of the different 
months at Nantucket, Mass., deduced from observations taken from 
April, 1843, to July, 1845, by Miss Maria Mitchell. It was received 
too late for insertion in its proper connection at page 281 of this No. 

Months. A.M Noon M. 
March, 6-21 6-08 
April, 5: 5-93 6:09 
May, 5°24 535 
June, ‘ “AL 351 ‘24 
July, 3: 3:45 64 
August, . 4: 1-67 4°15 
September, 4: 4°81 ‘89 
October, 1-83 
November, 564 ‘78 
December, 6°30 05 
January, . 581 5°35 
February, . 5: 5:09 5°21 

The results of the foregoing observations, arranged by seasons, are 

as follows: 


Sa.™M Noon. P.M 


Spring, 573 579 584 
Summer, 3°91 3°88 
Autumn, 5°12 5:09 518 
Winter, 6°12 573 5:54 


Year, ‘ 5:22 512 5:14 


37. Burning Well; communicated in a letter from F. B. Hoven, 
dated Gustavus, Ohio, Aug. 21, 1845.—The land near the centre of 
the township of Southington, Trumbull County, Ohio, is low and boggy, 
although water is not easily found by digging. The soil at the surface 
is clay, with some sand, and the rock below in this district is a light 
colored sandstone, which underlies the coal strata of Ohio and western 
Pennsylvania. No coal has ever been found here below this rock, or 
north or west of this locality. The nearest beds of workable coal are 
twenty miles distant. 

A pit was sunk for water in this region in June last by Mr. Wanne- 
maker to a depth of twenty four feet, and was continued sixty seven 
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feet seven inches beyond this by boring. It passed through clays in 
some parts containing selenite, and at bottom reached a coarse sand 
from which the gas was derived resting upon a rock, probably sand- 
stone. Upon striking into the sand, the carburetted hydrogen gas rush- 
ed up by the sides of the augur rod with a shrill whistling noise, upon 
which the workmen left the well and withdrew the drill. They expe- 
rienced no difliculty in breathing, and can now descend into the pit 
without inconvenience. One of the workmen, thinking it might be in- 
flammable gas, lighted a lamp with the design of lowering it, but did 
not have the opportunity ; for no sooner had the match been kindled, 
than the whole took fire and blazed up to the height of twenty feet, 
with an explosion that was heard to the distance of three quarters of a 
mile. ‘Two individuals were scorched and somewhat injured by the 
explosion. After the first explosion the gas continued to burn at the 
bottom of the pit for twelve days before it was extinguished. Since 
this occurrence, which happened on the 17th of July, the gas has con- 
tinued to issue without abatement, and is frequently set on fire for the 
amusement of visitors. 

The sound of the gas as it issues from the drilled hole resembles the 
noise of water boiling in a steam engine, and the quantity discharged 
is sufficient to heat a small steam boiler. Seven years ago the gas from 
a spring in the vicinity accidentally took fire and burned three or four 
days. Inthe summer of 1842, a well was dug in Wethersfield (sixteen 
miles from the well I have described) to the depth of fifty feet, when car- 
buretted hydrogen was also found. A laborer in attempting to descend 
with a lamp in the evening for his tools was killed by the explosion, 


38. Particulars of the fall of Meteorites in the Sandwich Islands ; 
communicated by request, by the Rev. Hiram BinenaM, missionary in 
those Islands, in a letter dated Boston, May 1, 1845. 

To Prof. Silliman—On the 27th of September, 1825, a shower of 
meteoric stones fell, partly in the channel between Molokai and Lanai, 
and partly between those islands and Oahu, and partly at Honolulu, 
where I then resided. One explosion was heard at Lahaina, and seve- 
ral in quick succession at Honolulu, eighty miles to the northwest, be- 
tween the hours of 10 and 11, A. M. The fragment that was seen to 
pass Lahaina towards Oahu fell in the Molokai Channel, and threw a 
mass of water into the air, and was said to be followed by a rumbling 
sound, 


The Rev. Mr. Richards of Lahaina mistook the report of the explo- 


sion for that of cannon on board of some ship. The explosions which I 
heard at Honolulu led me at first to suppose they were cannon on 
board of ships not far distant. But soon after I was satisfied that they 
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were meteoric. Very soon the servants of Kalanimoku, secretary of 
state, brought me the fragment which they affirmed had just fallen from 
the sky in our village. This fragment I carefully preserved and brought 


over, and had the pleasure of presenting to you. A different pleasure 
from that with which Mr. Richards and myself picked up and forward- 
ed to the Missionary Museum in Pemberton Square, Boston, a cannon 


ball—one of several which had been fired at our heads. 


39. Remarkable Meteor at Fayetteville, N. C.—A correspondent of 
the junior editor of this Journal says, in answer to an inquiry addressed 
to him concerning this meteor-— September Ist about 2 o’clock, A. M., 
as | lay in bed, awake, the curtains of my windows being let down, 
there was a sudden flash of light, which was more durable than that of 
lightning, and so brilliant that every object for the minute was visible 
in the room. Supposing it to be lightning, for there had been a heavy 
thunder storm during the preceding evening, I expected that immedi- 
ately thunder would follow, and was surprised at the delay. After a 
space, as | judged of two minutes, there was a tremendous report resem- 
bling the continued discharge of heavy artillery. ‘The house seemed to 
tremble and the windows were shaken in their place. When I rose, noth- 
ing was to be seen. ‘The sky was clear, and all was silent. On in- 
quiry in the morning, | learned that a meteor had been seen by sev- 
eral persons passing over the place. The description given by dif- 
ferent persons employed as city watchmen is nearly this: The cap- 
tain of the watch says he was exact in marking the time, and that it 
was precisely 20 minutes past 2 o’clock, A. M.—that the meteor seemed 
to rise in the horizon on the east of the town—pass over the town ina 
direction about N. E. to S. E.—that the light for the moment was as 
bright as the noon-day sun—and as he thinks, a space of from 5 to 6 
minutes intervened between the first appearance of the light and the 
report. Another watchman gives nearly the same account. The light 
became extinct as he thinks about five minutes before the report was 
heard. The captain of the watch says that pieces seemed to fly off 
from the main body. A countryman, who came to market in the 
morning, says he was encamped about 74 miles from town, that he 
saw the meteor coming inthe direction where he was, and thinking that 
it might strike him, he sprang behind a large pine tree for shelter. I 
cannot find that any thing was seen or heard of the meteor further 
than about 35 miles south of this.” C. 

Fayetteville, N. C., Sept. 16th, 1845. 
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